SHOCK ABSORBI NG STRUCTURE AND METHOD OF MANUFACTURI NG THE SAME TECHNI CAL
FI ELD 5[ 0001] The present invention relates to a shock absorbing structure
and a nethod of manufacturing the sane, and nore specifically to a shock
absorbing structure for use in a nmedical inplant such as an artificial
joint and a bone plate and a transportation such as an autonobile, an
airplane, and a ship and a nethod of manufacturing the sanme. 10 BACKGROUND
ART [0002] JP 2005-329179 A (Patent Docunent 1) and JP 6-90971 A (Patent
Docunent 2) disclose netal inplants. The nmetal inplants disclosed by these
docunents consist of metals such as titaniumalloy. SUMVARY OF THE

| NVENTI ON 15 PROBLEMS TO BE SOLVED BY THE | NVENTI ON [ 0003] An inplant is
buried in a l|ivi nGHOOK ABSQBBINGCOSTRUGEY RIeANId METEHeD@lHy. Theref ore,

t he i npl ant nust have a maw h 3 3t §ang@al ogous to bones. Mre
specifically, the inplant nus Igg‘"\/}e a gﬁ%&ﬁ%@s%rpt Ion characteristic.
Furthernore, the inplant nust have | ow 20Young' s nodul us and |i ght ness

appr oxi natr?Em{N@g%%prpgnes [ 0004] The net al irrpl ant discl osed by
Pat ent Doc owever consists of a solid net material. Therefore,

the Young' 0003 The Papsamieinvention optestto & sBeghp s@mg FITuGtges apfAsh ¢ hat
of ‘a bone. Btk | & WRirAifal ethf sanid Oaﬁénﬁﬁirébéﬁbc@ﬁéaﬂl tbi 68Bodk
al l oy has Young.s npdul us about 25 as Lar a, hle 11%”19 S
modul us of 2BSBBHE FlryFtyredordbivelp # medisa “f‘P e %ﬁ@% 0
Fur t her norgnd tahborsenblacte raidehi tthnBeerthtioh syichl b 51& raﬁﬁ&m@bﬂeJ anriipleas| | y
o et ol |G e | A A BlAgh Lo Gy T on, vor har deni o
shocko absoBAUKﬂRﬂ{éN@:ABfD stic. 30[0005] I\/Eanwhl le, the netal inplant
?L)\?\/glroiggn@b Eﬁo@l us an that&aafste{}ﬁgjogo aﬁﬂbﬁ‘ﬁﬁfﬂ \tAgeP\}%%/ ngn
havi ng t heDpeolent [ﬂ)rdlsolnsetmgtaienaplantpl aﬂ‘ﬂzehmt@l lmwlmcﬁlsabgéd gl on
charact er i §fas€ documents consist of metals such as titanium alloy.
SUMMARY OF THE INVENTION
15 PROBLEMS TQO BE SOLVED BY THE INVENTION
[0003] An implant is buried in a living body and used for a long period in
the body. Therefore, the implant must have a mechanical characteristic
analogous to bones. More specifically, the implant must have a shock
absorption characteristic. = Furthermore, the implant must have low
20 Young's modulus and lightness approximate to those of bones.
[0004] The metal implant disclosed by Patent Document 1 however
consists of a solid metal material. Therefore, the Young's modulus of the
metal implant i1s significantly larger than that of a bone. A solid material
made of a bio-compatible metal, Ti-6A1-4V alloy has Young's modulus about
25 as large as 110 GPa, while the Young's modulus of a bone (cortical bone) is
about from 10 GPa to 30 GPa. Furthermore, the solid material has high
yvield stress and is not easily plastically deformed. If there is any plastic
deformation, work hardening occurs in the solid material. Therefore, the
solid material has a low shock absorption characteristic.
30 [0005] Meanwhile, the metal implant disclosed by Patent Document 2 has
hollow inside. Therefore, it may have lower Young's modulus than that of
the solid metal implant. However, even having the hollow portion, the
metal implant has a low shock absorption characteristic.
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[ 0006] Therefore, there is a demand for a new inplant having a greater
shock absorption characteristic than that of the conventional inplants.

[ 0007] Such a demand for an inproved shock absorption characteristic is
not limted to that of the inplants. For exanple, there is a demand for a
5hi gher shock absorption characteristic in a structure for use in a
transportation such as an autonobile, an airplane, a ship, and a train.

DI SCLOSURE OF THE | NVENTI ON [0008] An object of the present invention is
to provide a shock absorbing structure having a high shock absorption
characteristic. 10[0009] Another object of the present invention is to
provi de a shock absorbing structure that has a high shock absorption
characteri E]I]'Oﬁ] ThercYoren¢heremns el demasanddfdri gmavesmpland 1avidg shgolater
absor bi ng cture r

solldlfledsoC }5ﬁmg9§8§hgkn 8%%t%@ﬁa tﬁ%ﬁgﬁﬂ&?&ﬁﬁkﬁ&?nﬁ%qﬁ§rt|on 15 is

f or med by O§§il>| Yuely aadpinand fotryamﬁmpmoveghﬁh@clp@hﬁ@nptm t:humerlstm; 18

si nt er ed HﬁtécP d& PRAEOE P Sin BBl isng F%rge'fghggb%éﬁe 1%h£dbﬂf&r1ﬂ?ﬂ)&*ca

powder par es and connected t e sol| ortion. Here

si nt ebed pb@ﬁénshﬁ%k babswaphieet characteristio|indaf |-°éau%w| bysesii®t e i ng
or by a pafhn8horftAtiof! sHch Rk AutbiRbbRE, HPhirpldheG ﬁﬁﬁt hAf 4 fiain.i s nel ted.

20[0011] Th ‘according to the present invention
is a conpd@ﬁ%é Eﬁﬁ@@ﬂ@épfﬁgiﬁﬁbﬁé&gﬁi Vidified portion and a sintered
gﬁr tion an[ﬂ)Ot)B}: rﬁﬁm}ﬁeéta(fsf thd) F@é\seiﬂq@veaﬁsﬁrliatﬂoojﬁrcﬁmé ?Célﬁdidl]f ab@)drbixﬂgelz]

e sinter orti.on.prefer n urali.ty of necks and gaps.
The pl uralﬁf & g 3rhde Os,l%gkag) @é(hn Flﬁ ?‘iﬁl%\t?{(fty of inorganic
25powdler phlﬂﬂB]:lAﬁoth‘lélreob@ps @éff ¢hé opreenbeinveanionhés ploupabvidg af shodk gani ¢
powder partq cl S ck d_,gaps r S rain

z#)es gﬁl&ﬁ( Lg glLIb rti SE€ HASCK Shi %ﬂ SIRFHES A RLS ertpftf% n%ﬂara%téﬁ%t?é ToSe

curve of t stYuct ur'e according rresent ’'nvention
has a pl at‘éamg&gn@ﬂué‘hmcbhghmes‘she shock absorbing structure has a high

shock ab SO[rO@tlbp " shock absorbing structure according to the present invention
includes a solidified portion and a sintered portion. The solidified portion

15 is formed by dissolving a plurality of inorganic powder particles. The
sintered portion is formed by sintering a plurality of the inorganic powder
particles and connected to the solidified portion. Here, the sintered
portion may be connected to the solidified portion by sintering or by a part
of the sintered portion or solidified portion that is melted.

20 [0011] The shock absorbing structure according to the present invention is
a composite structure including a solidified portion and a sintered portion
and therefore has a high shock absorption characteristic.

[0012] The sintered portion preferably includes a plurality of necks and
gaps. The plurality of necks are formed between the plurality of inorganic

25 powder particles. The gaps are formed between the plurality of inorganic
powder particles.

[0013] Since necks and gaps are formed, a stress-strain curve of the shock
absorbing structure according to the present invention has a plateau region.
Therefore, the shock absorbing structure has a high shock absorption

30 characteristic. The sintered portion has the gaps and has a lower density
than that of a solid material. Therefore, the sintered portion has better
lightness and lower Young's modulus than those of the solid material.

[0014] The solidified portion preferably includes a solidified case. The
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30characteristic. The sintered portion has the gaps and has a | ower
density than that of a solid material. Therefore, the sintered portion has
better |ightness and | ower Young's nodul us than those of the solid
material. [0014] The solidified portion preferably includes a solidified
case. The sintered portion is stored in and connected to the solidified
case. [0015] In this way, the shock absorbing structure is lighter and
has | ower Young's nodul us and a hi gher shock absorption characteristic
than the solid material. 5[0016] The solidified portion preferably further
includes a solidified wall and a plurality of storing chanbers. The
solidified wall is formed in the solidified case. The plurality of storing
chanber s asiat@redvpaeibn i3 storedsinl ankd 0enedad édo dhel spladifictlicsed by t he

solidified lh . 1. The. shack ab i r '
plurality %qfﬁ?h n{%?@ﬁ ‘63?%1% aénggd?‘hggqu%h;’gF%ﬁgl}%l%hﬁ@ﬂﬁ? g?{r‘te?gﬁa%? Vehs are
stored in Yoreng's cmbdgh@anﬂeashmrcmHbﬂotm(ﬁmmhehsrﬂdteﬂlﬁl@ct%@aséh‘and/ or
the solidif{lief Wakkx1 [0017] In this way, the shock absorption
characteristic_inproves. 0018] Preferably, a plurality of solidified
portibns alsﬂglﬁéqﬁgﬁtsoalduﬁe apshen prelombladorther weludes aselidified wall

manuf act ur jag Mpliedity S dibaingt Agnanbidi fTIRd sdRdRA wall fhRkmeHOIeshe
plurality of_ the inorganjc ggwd r particles 'ﬁ fornmed, and the solidified
bor ti on 1 heidifpsheeres ns QIUrail OfrHiAEREhAmBER @FP ABravadiibrBt (e | oss

than a ?'édlﬁﬁﬁ@@!d&bc}g %h&ﬂé@-tiﬂ(%%ﬁb?%h@@@ﬂh f ﬁﬁ@i;ﬁagpl é%}_;e sRodkhabsdribéng
sintered portion i or ne t shock, absor bi ng.struct ure
Sccor di ng uttEe Rednc R Brabsy O Sug oo o atES phed by
an | ayer edsimeeveidapdrdionsgaresivedd mhdhcesiormg themsbapendicobhected todilie ed
portion can bge-set fre nd tter | ihghtness, |ower Young's nodul us,
Prd o i grelitBabd catd Ry (AR bRl E] vy ?

erirstic are obtained as conpared to the
sol i d mat el004l7] hkthig waye thasbodoabswsiptionnchakaptenrstld inyprofes.nor gani c
powder par gy S r .01 . L] E t @ﬁ,d‘ e

| ayer ed rra[tr?lu ggt%ﬁ%ﬁﬁgtfgyﬁ%%?ﬁ%t% hta ﬂ%é(g*)fr)\fttg%eéggeoért g?llte%a ?gf\élé%d;i |y
formed i n ethengdroghér by agplayesad pypasifacturing Ipﬁth‘éﬁ so that the solidified

15 portion that stores a plurality of the inorganic powder particles is formed,

(D

and the solidified portion thus formed is heated in a furnace at a sintering
temperature less than a melting point of the inorganic powder particles, so
that the sintered portion is formed.
[0019] In the shock absorbing structure according to the present invention,
20 the solidified portion is formed by an layered manufacturing method.
Therefore, the shape of the solidified portion can be set freely, and better
lightness, lower Young's modulus, and a high shock absorption
characteristic are obtained as compared to the solid material having the
same composition. A plurality of inorganic powder particles are stored in
25 the solidified portion shaped by the layered manufacturing method, so that
the sintered portion can be easily formed in the solidified portion by
sintering process.
[0020] Preferably, in the shock absorbing structure according to the
present invention, a plurality of shock absorbing layers are sequentially
30 layered by an layered manufacturing method. Each of the shock absorbing
layers includes a solidified portion formed by irradiating a powder layer
made of a plurality of the inorganic powder particles with a first electron
beam, thereby dissolving a first region of the powder layer, and a sintered
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[ 0020] Preferably, in the shock absorbing structure according to the
present invention, a plurality of shock absorbing |layers are sequentially
30 | ayered by an | ayered nanufacturing nmethod Each of the shock absorbing
| ayers includes a solidified portion forned by irradiating a powder | ayer
made of a plurality of the inorganic powder particles with a first

el ectron beam thereby dissolving a first region of the powder |ayer, and
a sintered portion forned by irradiating the powder |ayer with a second
el ectron beam having a iluence | ower than that of the first el ectron beam
thereby sintering a second region of the powder |ayer different fromthe
first region. [0021] In this way, the sintered portion can be forned while
t he sol i di postibibfaqrardd oy iiradiztime dhé powider Layar withna pedoact elettrgn enlod.

Ther ef or & phD5 S ek e SRRt 1Ry s i 6l eLGdaRaAChELD

net hod doe be 'sintered icfes
pr ef er abl ysimhelgngfa secoed abgiothef thel pcmdereldypbdxffamn‘p fl@m the hysteegieme sane

conposi ti opy tﬂf‘%hﬁfwﬁi?etlileosﬁft@%e%lr (gy]-tﬂﬁ{ bafbo A0 hilb thedobaiféen and

the sintered portion are nore titaniumallo The shock

absor Bi ng Bentian iy dormed hpithe ﬁﬂé’?@damf’}m!f%t%gn%th@édum?rﬁ Ben te GPa

to 50 GPa. Jiffiadl pdttich fortedd Hyhehs NesreADERIRIMG uS it GhathddCafeshaye
Young' s nodul us approxi nate to that of  a bone. Therefore, the shock

absor bi ng 2a&ve &Q pesintPE®an be used as a medical inplant having |ightness,
a shock abfwop]iOhe Cbawaéi eEhﬁﬂid:l@s ardl peferdbingmadendd! Bs mdtad24] The

or esont i iOHERH PEaPharROT AN nai e, PR CORBOSETG ettt tid Shock

absonbi ng ahtmﬁup(ﬁrtmm iTed uMﬁeldepaﬁ:mmamd thersimteged Hmmmdnraﬂeamere 20
made of a t iDor gan o] [ I 0
solidifi edgrpeg?]?al yIB§ ?r":}fﬁ ﬁﬂ%‘g ?J%e‘pp\gﬂ%erSB é]%/eaﬁ)sgﬁ? a%ﬂpgrflﬁlt r6h beam
and di ssolmomgpt‘ekferabiwrlqmnY@lr@smmdlﬂasﬁ(mllelﬁ,(_}Payer’éﬂr@Pa new povvder | ayer
Tade. of it MRORBHTA e Qb GHAAMRGALONASELRR! (PG RrO e e RANIRY

t he solidifie i

provi ded w portion ’E new so dified port?yon by
25 i rradi amodylushepnesxipuideto thyglep! w bhman hexedonsn tb@afﬁhwﬂfoa ahing

sol i g fi edstEﬁEttdr@nca{E‘Qf‘e Qfsellhgs B %@Hic‘élf 191p1¥1ﬁ€ }ﬁﬁhhg' fiiRehdRSr bi 8RSck
| ayered on one another and storin ural’i the inorgani c powder

particl es_W%E@Eﬁhﬁﬁa%tﬂﬁspﬁyémiﬂ%ws g&rﬁ"éﬂ B or i ng step, taking out
the sol i difooged] perbgibd s0MiMeEapaWERSs d N6k ab&EbLOs @tﬁ&tﬁftﬁa@édﬂﬂﬁigﬁd

SRR A e e

shock absorbing structure and includes the steps of forming a powder layer

20 made of a plurality of the inorganic powder particles, forming a solidified
portion by irradiating the powder layer with an electron beam and
dissolving the inorganic powder particles, layering a new powder layer
made of the plurality of inorganic powder particles on the powder layer
provided with the solidified portion, forming a new solidified portion by

25 irradiating the new powder layer with an electron beam, forming a
solidified portion made of the plurality of the solidified portions layered on
one another and storing a plurality of the inorganic powder particles by
repeating the layering step and the forming step, taking out the solidified
portion from the powder layer, and forming the sintered portion by heating

30 the taken out solidified portion at a sintering temperature less than a
melting point of the inorganic powder particles.
[0025] By the method of manufacturing a shock absorbing structure
according to the present invention, the shape of the solidified portion can be
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[ 0025] By the nethod of manufacturing a shock absorbing structure
according to the present invention, the shape of the solidified portion
can be set freely. Furthernore, by controlling the design of the
solidified portion and the sintering condition, a shock absorbing
structure having Young's nodulus and a shock absorption characteristic as
desired can be manufactured. 5[0026] A nethod of manufacturing a shock
absorbing structure according to the present invention is a nethod of
manuf acturing the above-descri bed shock absorbing structure and incl udes
the steps of formng a powder |ayer nmade of a plurality of inorganic
powder particles, formng a solidified portion by irradiating a first

el ectron bssgnfreelyo Floethmownoee, bayentadtingGhdi desogw ofighe splidifedd pyrtain t he

owder pariiel.gs, .: 1 i:nf.ere i i iating,: r
Fayer WIPt héllé& stg%o%l (Béellqle}g?cfoglrfﬁ t}ggmﬁwg}i{(ﬁé%ta? ?%g?%%'%t’é%u?% L}g%l%ﬁg of the
first beamnadulei naedi mg shaskurahsorytion wcheradierighiai @spolesiiedpaen ches,

| ayeri ng neWRQWdes | ayer on the powder |ayer provided with the
solidifiegapor iﬂ%n and the sintered _portion, formng the solidifiegd 15

porti®n an@026é Aimediasiobmandactyming eheherdn2 peiders SEsture ARCHTEINE ng
the shock gpbgs Prr@ngihvehiI6R ik ACEthAD of btarghttlirih@dhd abbiedesBsifedf a

plurality qof the solidified portipns. |ayered on o anot her angd the
Si nt ered’ poikcIPsRRdmerracaand Byl ufds e siore ot derpore Fd%?é”‘%&}é}"é’a on
one anot hemaldy ofpealindityhef liapafinie sivederpartibksf dbrngg si eplidddD027]
By the nethod. of ,manuf acturin hqck absorbi ng structure according, to
The. br eserROTingehy; BRRAR Uk F5L AVE QR St Bra. Hhd PRYSeB RSP HBhuT us,
| i ghttdiess, diasavinghqdirabiyoohthicopower patticlest focmang desntaddgartioe by
manuf act ur : ol 1] t | 1L gt i,0 t he
sintering %g%‘g‘?‘/‘?.%%ﬁez% OWE&Q%E%@F%% %&Fw?ﬁgk}ﬂ%&iﬁﬁ&aﬁ%%?ugﬁ% lis
a per spectlowervhew thataofdhechirsbranbiang sintering rephwebtylocfghe snerghinict
enbodi nent i o T B 13veSof th ] viewiflq a
solidifi ecP %%%%ﬁgﬁ%ﬁl@%ﬂég% h‘%}? pEFJg@TSgyés % éeﬁ) i%%(r:?% %{/lﬁervxlil) t_a[1<en al ong
i nein Fi gvith, tisosplidified; rortipre andrigedsinterpdoportiane dpominsnehe melidifiad Fi g.
3. 15 porfionOahd theVsigerd pottane wath TRABUWAE oo i BReRi fed Ysadidd
manuf act ur thﬁ@époﬁk ?Psorbln stn%%égﬁe shown LE_Flg. 1 Fig. £ |§ a
f1 onchart 0§r sk ARSOYDIRG stENFivge dncbicHBg e solidified portion made of a
plurality of the solidified portions layered on one another and the sintered
portion made of a plurality of the sintered portions layered on one another
by repeating the layering step and the forming step.
20 [0027] By the method of manufacturing a shock absorbing structure
according to the present invention, a shock absorbing structure having
Young's modulus, lightness, and a shock absorption characteristic as
desired can be manufactured by controlling the design of the solidified
portion and the sintering condition.
25 BRIEF DESCRIPTION OF THE DRAWINGS
[0028] Fig. 1is a perspective view of a shock absorbing structure according
to a first embodiment of the present invention.
Fig. 2 is a perspective view of a solidified portion shown in Fig. 1.
Fig. 3 is a sectional view taken along line ITI-III in Fig. 1.
30 Fig. 4 is an enlarged view of a region 500 shown in Fig. 3.
Fig. 5 is a view of a layered manufacturing machine used to
manufacture the shock absorbing structure shown in Fig. 1
Fig. 6 is a flowchart for use in illustrating a method of
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manuf acturing the shock absorbing structure shown in Fig. 1. Fig

7 is a schematic view for use in illustrating process in step S6 in Fig.
6. Fig. 8 is a schematic view for use in illustrating
process in step S8 5shown in Fig. 6. Fig. 9 is a schematic view
for use in illustrating process in step S11 shown in Fig. 6. Fi g.
10 is a schematic view for use in illustrating process in step S6 in Fig.
6 that is repeatedly carried out, showing its second tinme and on. 10Fi g.
11 is a schematic view for use in illustrating process in step S8 in Fig.

6 that is repeatedly carried out, showng its second tinme and on.
Fig. 12 is a sectional view of a solidified portion in the process of
manuf act ur g ufakemngnthashack absoabimgy steueturn.shown in Fig. 1.Fig. 13 is a

view for use in j t] [.OC | e L.y F SFi is a
sectional view ojf;‘léaui:icﬁr ?Cﬁc ﬂ?g%%t%oﬁ%?’o{rj\d}rr‘gér?uﬁlagﬁsrtg%lggqjgogr%srsfal?l a%:ttggrl ng
step in Fig Fag-ttaken in the vertical direction. Fig. 15 is a SEM
(Scanning El ectrpp M fsrg%eﬁgwat%r@% ﬁa‘r &éifﬂ%&%ﬁﬁé?g@&é NinBstef) G5k

absor bi ng structure manufactured by the manufacturing thocsi} In Fig. 6.
20Fi gb 16 $hovemér Hag- ©EM i mage of the sintered portion in association with

Fig. 15. Fig. @ isly stRerdAfi Re6w I6MusBRAG1QE LRI ShcBELTh BRSO
different from Fi %s 1% and 16 Fig. 18 1's another SEM i nage
of the sintRBHBEIEI of in association 25with Fig. 17.

Fig. 10 is a schematic view for use in illustrating process in step S6
in Fig. 6 that is repeatedly carried out, showing its second time and on.

10 Fig. 11 1s a schematic view for use in illustrating process in step S8
in Fig. 6 that 1s repeatedly carried out, showing its second time and on.

Fig. 12 is a sectional view of a solidified portion in the process of
manufacturing taken in the vertical direction.

Fig. 13 is a view for use in illustrating process in step S12 in Fig. 6.

15 Fig. 14 1s a sectional view of a solidified portion manufactured by a
manufacturing step in Fig. 6 taken in the vertical direction.

Fig. 15 is a SEM (Scanning Electron Microscopy) image of a sintered
portion in a shock absorbing structure manufactured by the manufacturing
method in Fig. 6.

20 Fig. 16 is another SEM image of the sintered portion in association
with Fig. 15.

Fig. 17 18 another SEM image of the sintered portion different from
Figs. 15 and 16.

Fig. 18 is another SEM image of the sintered portion in association

25 with Fig. 17.

Fig. 19 is a stress-strain curve of the shock absorbing structure
according to the embodiment.

Fig. 20 is a stress-strain curve of the shock absorbing structure
different from Fig. 19.

30 Fig. 21 is a stress-strain curve of a shock absorbing structure
different from Figs. 19 and 20.

Fig. 22A is a perspective view of a shock absorbing structure having

a different arrangement from Fig. 1.



Fig. 19 is a stress-strain curve of the shock absorbing structure
according to the enbodi nent. Fig. 20 is a stress-strain curve of

t he shock absorbing structure different fromFi g. 19. 30Fig. 21 is a
stress-strain curve of a shock absorbing structure different fromFigs. 19
and 20. Fig. 22A is a perspective view of a shock absorbi ng
structure having a different arrangenent fromFig. 1. Fig. 22B
is a perspective view of a region surrounded by a dashed line in Fig. 22A
Fig. 23A is a perspective view of the shock absorbing structure having a
different arrangenent fromFig. 1 and Fig. 22A. 5Fig. 23B is a perspective
view of a region surrounded by a dashed line in Fig. 23A Fig. 24
i s a perspectiveFig. &fbbis a pémwpkctabs widv nd s region wueravtdadbyg deskedecond
enbodi mantli%&-}tl pg£gent invention. Fig. 25 is a sectional view taken
along |line -XXV Tn Fig. 24. 10Fig. 26 is a flowhart for use in
illustrating a nBighodBAfisnanpgrspechive yieweok hbe khaskorbiarhing sivteairee shown

in Fig. 24h,ying a diffdrbft agfaﬂ%lﬁeﬁtt freaSFRL naify vus wef the shock
absorbing structure shown in Fig. 24., ) Fig..28 is
persplctive vi ew B Z¥b1%AJRTsAALBY O Viy of Auredire WWWB%SQY& 39%1?%
arrangenmentind i@mighmse in Figs. 1, and 22 to 25.
Fig. 24 is a perspective view of a shock absorbing structure
according to a second embodiment of the present invention.
Fig. 25 is a sectional view taken along line XXV-XXV in Fig. 24.
10 Fig. 26 is a flowchart for use in illustrating a method of
manufacturing the shock absorbing structure shown in Fig. 24.
Fig. 27 is a stress-strain curve of the shock absorbing structure
shown in Fig. 24.
Fig. 28 1s a perspective view of the shock absorbing structure having
15 a different arrangement from those in Figs. 1, and 22 to 25.
BEST MODE FOR CARRYING OUT THE INVENTION
[0029] Now, an embodiment of the present invention will be described in
conjunction with the accompanying drawings in which the same or
corresponding portions are designated by the same reference characters
20 and their description will not be repeated.
[0030] First Embodiment
Constitution of Shock Absorbing Structure
Iig. 1 is a perspective view of a shock absorbing structure according
to the embodiment. Referring to Fig. 1, the shock absorbing structure 1
25 includes a solidified portion 2 and a plurality of sintered portions 3.
[0031] A plurality of inorganic powder particles melt and then solidify to
form the solidified portion 2. The inorganic powder particles are powder
particles of an inorganic substance. Examples of the inorganic powder
particles include a metal, an intermetallic compound, and ceramics. The
30 metal is for example a pure metal or an alloy. The inorganic powder
particles are preferably a metal.
[0032] Fig. 2 is a perspective view of the solidified portion 2. The
solidified portion 2 includes a solidified case 20 and a plurality of solidified
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BEST MODE FOR CARRYI NG OUT THE | NVENTI ON [ 0029] Now, an enbodi nent of the
present invention will be described in conjunction with the acconpanyi ng
drawi ngs i n which the same or corresponding portions are designated by the
sanme reference characters 20and their description will not be repeated.

[ 0030] First Enbodi ment Constitution of Shock Absorbing Structure

Fig. 1 is a perspective view of a shock absorbing structure according to

t he enmbodi nent. Referring to Fig. 1, the shock absorbing structure 1

25i ncludes a solidified portion 2 and a plurality of sintered portions 3.
[0031] A plurality of inorganic powder particles melt and then solidify to
formthe solidified portion 2. The inorganic powder particles are powder
particles wh]]anZl nofpansdidifiedt emree 20x hap| & plofalitiye of mohddid: vl &2

particles Légscmcgﬁgraﬂhe SHlidifib @ WRIADY G (gm; Bl e & BEsGAL A 62 thd e
al

30net al net al I norgani c_po

parti cl es mluilﬁeéf@rsab?a(y aThétIdlufa{lt)O@f]SOhdyie Isazée@@péﬁqrp@e‘-f\/ﬂé‘w of
the sol idi §dlﬁﬂﬂ€8réa|89r202 Nibfe %9&@%511;%@5&1&&%& wank udesodesddltd | ed

case 20 and a plura solid

has aBpl ur mnetrw Pis §1%ﬁt| Eﬁlﬂté@l W&‘? F%‘ﬂQQ OW%BG? §0%§€Ep‘§‘§§%py, ll{hl‘?egoé’éi‘fg‘i f2 |0ed
wal I's 22 cofdecspond 4 91ﬁﬂam?tafeytomlgl &ﬁﬁbéﬂ%@$9htﬁmﬁh&ﬁib§; Bliralibe
Régéaglty $E%§¥i§déﬁﬁgﬂ§%f dsf21dare|ft05id in the Sg|ldl i ed case 20.
Peci rditred wall s correspond to
[0033] Fig. 3 is a sectional view taken along line III-III in Fig. 1.
Referring to Fig. 3, in the shock absorbing structure 1, a plurality of
10 sintered portions 3 are each stored in a storing chamber 23. A plurality of
inorganic powder particles are sintered and formed into the sintered
portion 3. The sintered portion 3 is made from inorganic powder particles
in the same composition as that of the solidified portion 2. In short, the
sintered portions 3 and the solidified portion 2 have substantially the same
15 composition.
[0034] Fig. 4 is an enlarged view of a region 500 in Fig. 3. Referring to
Fig. 4, the sintered portion 3 includes a plurality of inorganic powder
particles 31 and a plurality of necks 32. The plurality of necks 32 are
formed between the plurality of inorganic powder particles 31. During the
20 process of sintering, some of adjacent inorganic powder particles 31 are
connected by sintering to form a neck 32. The process of forming the neck
32 1s called "necking."
[0035] The neck 32 is also formed between the inorganic powder particle 31
and the solidified walls 22. As shown in Figs. 3 and 4, the necks 32
25 connect the sintered portions 3 to the solidified walls 21 and 22 of the
solidified portion 2. The necks 32 are formed by atomic diffusion.
[0036] In Figs. 3 and 4, the sintered portions 3 are connected by the necks
32. However, the sintered portions 3 may be connected by other methods.
For example, the sintered portions 3 and/or solidified portion 2 may be
30 partly melted, so that the sintered portions 8 and the solidified portion 2
are connected.
[0037] As shown in Figs. 3 and 4, the sintered portions 8 have a plurality
of gaps 33. The plurality of gaps 33 are formed between the plurality of
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5 inner walls that partition the inside of the solidified case 20. The
solidified case 20 has a plurality of storing chanbers 23 partitioned by
the plurality of solidified walls 21. [0033] Fig. 3 is a sectional view
taken along line I1l-111 in Fig. 1. Referring to Fig. 3, in the shock
absorbing structure 1, a plurality of 10 sintered portions 3 are each
stored in a storing chanber 23. A plurality of inorganic powler particles
are sintered and formed into the sintered portion 3. The sintered portion
3 is made frominorgani c powder particles in the same conposition as that
of the solidified portion 2. In short, the sintered portions 3 and the
solidified portion 2 have substantially the same 15conposition. [0034]
Fig. 4 is mwreahsrpeduden pwtibies3teglTba peoositnofthy sisterrdfrwrtiong 316 forg. 4,
the sinter | é,ncl s a plurality of inorganic powder particles
31 and a p%%?gﬁ%%ﬁgg}ggggﬁé . The plurality of necks 32 are forned

bet ween t h@Qﬁ&erﬁﬂihsﬂ of Mawgehiring sheek Ahsprhisgadraaturpyri ng t he 20

process of sintepi NGyocROMBLRELAY 2660ELLROT YaNAiROWIRE RiolbdeleriBdd ar e
connected by sintering to forma neck process . of forg1 ng the neck
e

32. The
32 i sbcal | etnstietienngsS" mypsisrtyted RStkazzapkl POOERRE AR e oA
i norganic ﬁ%’@ﬂéalﬁﬁfﬂﬁ gheladbraddmbhefs@uriig nesthed! | $n2¢he Asliehing) am
Figs. 3 and 4, the ngcks 25. connect the ﬁig&$r%d1§9rtjons 3to tfe
sol i di fi ed®¥fple of the getdiogs of marugarimine 4hp shork Risorhing HERReTso! or
fornmed by ailbiealedifibedi on. [0036] In Figs. 3 and 4, the sintered portions
3 are conn t he necks 32, Howeyer. .the sj red portions 3 may be
connect ed ﬁgk%ﬁhgﬁmﬁg?%%gg&nﬁgPdéﬁ%ﬂ%ﬁ%&ﬁ?HgI%%ﬂﬁé?ed portions 3 and/ or
sol i ddofi ed portiBig. 25wy abeid® opar tlhyereel meanufotuting machyientuseddto
portions 3 | di{.] L r oRne . 7 5@5 shR I n
Figs. 3 angﬁﬁgﬁ%ﬂgwgﬁ%#%%%gagéﬁgﬁgﬁggs rgggn% g]uggﬁg?yégggggl' %3. %ﬂe
plural ity bivegabmeasilacioning marhine Wdnclusdes pinurandiayonpl, 4 pesyatecSbowder
part! cl g;(ﬁlﬁaﬂﬁcﬂmﬁg%xnﬁer@sﬁfaildnat es8oPRAftigNs 3 is for exanple from
(0]
° f0040] The irradiator 51 is provided in the upper part of the layered
15 manufacturing machine 50. The irradiator 51 irradiates an electron beam
510 downward. The regulator 52 is provided under the irradiator 51. The
regulator 52 deflects the electron beam 510 in response to a command from
the control unit 60. In this way, the electron beam 510 is directed upon a
prescribed region. The regulator 52 further corrects the focal point or
20 astigmatism of the electron beam 510. In this way, the fluence of the
electron beam 510 (the amount of energy provided per unit area) is
regulated.
[0041] The regulator 52 includes an astigmatism coil 521, a focus coil 522,
and a deflecting coil 523. The astigmatism 521 corrects the astigmatism of
25 the electron beam 510. The focus coil 522 corrects the focal point of the
electron beam 510. The deflection coil 523 deflects the electron beam 510.
More specifically, the deflection coil 523 changes the irradiating direction of
the electron beam 510.
[0042] The manufacturing chamber 53 is provided under the regulator 52.
30 In the manufacturing chamber 53, a solidified portion 2 is formed. The
manufacturing chamber 53 is connected to a vacuum pump that is not
shown. When the solidified portion 2 i1s manufactured, the manufacturing

chamber 53 is subjected to vacuum drawing.
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[ 0038] Met hod of Manufacturing Shock Absorbing Structure A shock absorbing
structure 1 having the above-described 5 constitution is manufactured by
a rapid prototyping nmethod, nore specifically by an | ayered nanufacturing
method. In the follow ng, an exanple of the nethod of manufacturing the
shock absorbing structure 1 will be described. [0039] Structure of Layered
manuf acturing machine 10Fig. 5 is a view of a | ayered nmanufacturing
machi ne used to manufacture the shock absorbing structure 1. Referring to
Fig. 5, the layered manufacturing nmachine 50 includes an irradiator 51, a
regul ator 52, a manufacturing chanber 53, and a control unit 60. [0040]
The irradiator 51 is provided in the upper part of the |ayered 15

manuf act ur [08g3ac e nsoufanering ghamber B indvdey atradr oh peWeer soRPBeam

510 domwaai&ig%i&ﬂ %%Hl%t 85 é%béd@%@%ﬁﬂ@%ﬂpgt’;{ov&m sorad alahbed 57The

regul ator 52 ects the el ectron béam 510 in response to a command from
t he cont r otngigihass@laimb8ni s way, the electron beam 510 is directed upon a

prescri bed[goa@l 0The Tvd Q9 chanibdrt Beriscprdveddd ihhthd eélerpsll the or

20 astlgnE%:sn1of the e ﬁgtron ?an1510. n this Y.l hE fugfnc€ of the
el ect Pon bIOBHATsPOTIieM Ly fie nmagriasiur il chamhsdqSger Th (PoRFdeY) storing

][ egul at edi cH3Bdd 57 ﬂﬁs&@&]deaéhupe&Za&ifiglmﬂepezﬁngaﬁi tlgmappanewbiahd 32k, a a
ocus coil .522 n ecting coil,52 The, asti. i smb521 corrects
oot orite el 8785 Hine Badbing o256 15 SRt R0 The s, SRER Lo o
the focal ¢oimbenf57 hadehwniorted beathaA10. cAihdedefdvedt nprambidowdl3 Hed | ect s

the el ectr . re Iy t I 8 h 3 nges
the i v adi SORADRE R PEsGHepREal %%%%%m%%%&&?ﬁgd% of Upyrte™ FHE
manufl@ct urbase Eladerb8ris povidegroavilderodatee tahle begulae eelidified @ation 4 he
manuf act uri.n ﬁﬁ?ﬁﬁﬁﬁ , LAl fhged t L&, | .

manuf act urflsngo_c anber t@% Pgsi r%%géctsegg t gﬂ% 9%:%&%%%%? {Eﬁgt piirés.*/eer?(gt ﬂé%own.
Wien t he swilidified dorijer & sambsingranoeeedrmda the meodalmg tableSbng chanber

53 is subjppusy TRe Yashbfpewadt Rapplyl A0¢3ks HhsisProvidae abdvedtHehpoRasr 53
includes a pair of powder sqg |y gﬁéﬁgsa 54t a raﬁe i%’@%’ ‘9e |p t abl e
56, a povﬁpr%%ﬁﬁi% &h A E‘?‘,S AVHES 8L PR £18RL 4% PeREVY SR er
storifg chaRbgit & viewdd fotlabovd thd dayraol ahafiifdcb@ring machine 50. The
powder supply device 54 stores a plurality of inorganic powder particles 31
as a raw material for the solidified portion 2 and the sintered portions 3,
and discharges a plurality of inorganic powder particles 31 in response to a
command from the control unit 60. |
20 [0046] The rake 55 is provided near an upper end of the powder storing
chamber 57. The rake 55 is moved horizontally by a motor that is not
shown and reciprocates between the pair of powder supply devices 54. The
horizontal movement of the rake 55 allows inorganic powder particles 31
discharged from the powder supply devices 54 to be supplied to the powder
25 storing chamber 57. A plurality of inorganic powder particles 31
accumulated in the powder storing chamber 57 form a powder layer 35 on
the modeling table 56. The rake 55 flattens the surface of the powder
layer 35 as it moves horizontally.
[0047] The control unit 60 includes a central processing unit (CPU), a
30 memory, and a hard disk drive (hereinafter as "HDD") that are not shown.
The HDD stores a well known CAD (Computer Aided Design) application
and a CAM (Computer Aided Manufacturing) application. The control unit
60 uses the CAD application to manufacture three-dimensional shape data
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5 lower portion of the manufacturing chanber 53. The powder storing
chanber 57 has a case shape having an opening on the upper end and has a
side wall 571. The nodeling table 56 is stored in the powder storing
chanber 57 and supported so that it can be noved up and down. The nodeling
table 56 is elevated/|lowered by a notor that is not shown. The 10 base
plate 58 is provided on the nodeling table 56. The solidified portion 2 is
formed on the base plate 58. The base plate 58 can prevent the solidified
portion 2 from being connected onto the nodeling table 56. [0045] The pair
of powder supply devices 54 is provided above the powder storing chanber
57 and has the powder storing chanber 57 therebetween 15 when it is viewed
f rom abovefortibe Ishpek abisommug sttustirggLimachi ne 50. The powder supply device

54 stores @03’5?” %étxox?gmj nglr]%mg(p ﬁ%ﬁi&r 1[?5%%“ ﬁbe%ﬁﬁ\h afpfg%fﬁ‘ﬂﬁ‘. rsnaz,g1 &0 al

for the so portion the sintere portlons arges a
plurality wanufertgaes erpesasins penditionglata basedespobbe theeedusansignal r om

the controfdni tI&OtheZ%)Q&%ﬁ] Jmffae&ﬁl % m%tﬂé&vhd%%ﬁ‘iﬁﬁr an ééﬁﬁ?ﬁe&nd of
t he powder stor|:%§cha er 57, The rake 55 is noved horizontal l

by a
mot or 5 t hat PeRI9Rst I0EmeAnba fa el&etrﬁpob%ﬁmé%m@mrﬁé Ran oBe W yppl y
devi ces S54GrthehBOEb1Ided! pOPHGHERNL qfhet Ii_'ﬁodse% §50ﬁﬂit@c¥i§ ddrar aanugepowder

particles 31 di schar fro he po ces b4 to b lied
o L he povkiSFesang, G HEORAIIE BRR At 3 PoriRgn e JBRRIER
parti cl es Mbrascpucificallgdsudth pb@ep@n@eéomhabnngatehmniﬁenuﬁctﬁmdrf@ panider

| ayer 35 0 he I table 56. The rake 55 flattens the surface of the
powder ﬁt&’ﬁ Q?Jdﬁ dﬁgvé%nﬁ‘lorl zontally. [0047] The control unit 60

i ncl m@les d00dAl rBhe ppotret imy GoneantfdBUhe eledfromebenmy, 5 Hhbaaed andeatits k
drive (her t er r o]
known (CAD K?‘(e:orrpl?? ePP‘%ESHg‘ED)e?‘s’%%"@pp t?‘c‘é F@gﬂgﬁdaﬁﬁgﬁ?%%gglﬁed

Manuf act urpargionappl i cati on. The control unit 60 uses the CAD application
to nanufaq595?£t@é?ﬁkgﬂqqgﬁhgﬂghm_%qg% a for the shock absorbing

structure 1 The control unit 60 further uses the CAM gpplication

and manuf act ur e igr §cisss Hegrcbeatishpwing detaibnekba mathaseok magadastyang onal
datajsln tﬂlh% élﬁmr.«%oﬁrﬁﬁig AGLLEdrag1 . "EREREring Bl Fizlg, ttMe @bliam dadpdithsh 5

portions f elec ron heam 5 0 are Iayere on one .ang r. to
Por i the Soiif dormed” strmeo ageregm %%Hm%f 15 el SrinaBades
pr ocessi ngmaaaéidtueing weph. e'a.‘hhnotuﬂthﬁecs cpiomdbﬁseli aperibieed by eslﬁmmr@

Vore spect (i callxs (SEh BroSeRSng,FOHILLER HBLE inIRRULASL S 4o each
sintering step, the shock absorbing structure 1 is manufactured. Now, the
20 manufacturing process will be described in detail.
[0051] Manufacturing step (S100)

In the manufacturing step (S100), the control unit 60 manufactures
three-dimenstonal data for the shock absorbing structure 1 using the CAD
application (81). The manufactured three-dimensional data is stored in

25 the memory in the control unit 60. Then, the control unit 60 uses the CAM
application to manufacture processing condition data based on the three-
dimensional data (S2).

[0052] As described above, the processing condition data is manufactured
for each of the solidified portions. To start with, a case in which the shock

30 absorbing structure 1 is sliced into a predetermined number of layers nmax
(number). At the time, the shape of each of the plurality of solidified
portions formed by slicing the solidified portion 2 is a plate shape, a frame
shape, or a grid shape. Processing condition data for solidified portions in

-11-



10[ 0049] The control unit 60 controls the el ectron beam 510 based on each
pi eces of processing condition data to forma corresponding solidified
portion. [0050] Details of Manufacturing Process Fig. 6 is a flowhart
showi ng details of a nethod of manufacturing 15 the shock absorbi ng
structure 1. Referring to Fig. 6, the solidified portion 2 is forned by
the | ayered manufacturing nethod to start with (5100: manufacturing step).
Then, sintered portions 3 are formed by sintering processing (5200:
sintering step). Through these manufacturing step and sintering step, the
shock absorbing structure 1 is manufactured. Now, the 20manufacturing
process Wi Il be described in detail. [0051] Manufacturing step_ (S100)

I n the manufthclayern snasporab xoonber Heonsohttoohmam) tis 6@a taredihys the

t hr ee- di mepgy or i t | t CAD
application F%ﬁ?g %%EB%%nﬁ?%ggu?gg?ﬁﬁﬁgéfgiEﬂ%%?Jﬁgﬁ&g%%gqﬁgég?%ﬂegﬂfn 25
t he rrem)ryﬂmﬁlﬁﬁe%tﬁﬁheo‘ﬂpmﬁ‘ﬁnﬂoﬁdw%en, the control unit 60 uses the CAM

appl i cati ofngs®] MpREf @miEHIIE uRA O BFF ThABuGRIG LT 6Lt a PRHRI RRat fR the
ro I ng

t hree- di nengj gnal. data (S2). . [0052]. As descri bed ahove, ..t he ess
condi i on HHHNPS RAEHIRLE 010G 19'&?1 léé{eﬁ%aﬁe RE e b .efei%aﬂeaﬁ?qn fatarg
start w t hTheé ceas®@l imm/gB%eWQﬁhﬂﬁ&ua% @b@@@bﬂﬂggc@idﬁt;ia?taﬂtaqbds%dfdﬁi ced
into a predeterni ned nunber .0 ers nmax (nunher). .the.tine e
shape o cdersesatiag SRR aiatd, dBéohfenrRne aopoRiAett iR dEaeHY 9Bt ng

t he sol i di dareldtipnrandom flRieinse Zopdtien. s HEpe comrbl ang &hdpermanea agreigibrs hape.
Processing, c Lt f 1. di. T4l r{hons. i = I :

nat ur al ngt ggqﬁag%&f(at o?trllrl rr%;(l) alglgﬂrrgf%n%%%& girsrgg dgly ti?%es e&é@ﬁ%lw@n%{enggﬁaod.
Her el0t he 4nd definayat as o tdgron ovmditost. By, basdd tomethenflweher/ necdssatshe

upper nost . upy | I ape
dota for pEBmine Gatol B ANl ye, Dhd phHCRFIHIAC HE 220 aREL] B o)

t hr ee- di neseanones takeryal ‘mﬁlee@ndr the ghictropofocha vakas of 4be plecirer deassi ng

condi tion siaj g rRagedrAinédea e ashaRe Mahte MRLIALACEIRIRhARRAI ti ON
data includes a regl on conditiqn anqd a fluence condition. The _control unit

60 det er nidItathecgpence & storedr wapdy ercan hhaHBlbén tha wairalpayé HSbn t he
sect ipnal @kefpoddid: to compositions of inorganic powder particles. Through the

above-described steps, the processing condition data for each of the layers is
manufactured. The plurality pieces of manufactured condition data are
stored in the memory in the control unit 60.

[0054] Then, using a vacuum pump, the manufacturing chamber 53 is

20 evacuated (S3). After the manufacturing chamber 53 is evacuated, the
base plate 58 provided on the modeling table 56 is pre-heated (S4).

[0055] The control unit 60 sets counter n to "1" (S5) and starts to
manufacture the solidified portion in the first layer (lowermost layer) (S6 to
S8).

25 [0056] The control unit 60 forms the powder layer 35 (S6). The control
unit 60 commands the pair of powder supply devices 54 to discharge a
plurality of inorganic powder particles. The pair of the powder supply
devices 54 discharges a plurality of inorganic powder particles in response
to the command from the control unit 60. At the time, the rake 55 moves

30 horizontally to supply the discharged inorganic powder particles to the
powder storing chamber 57. As shown in Fig. 7, the inorganic powder
particles are accumulated on the base plate 58 and the modeling table 56,
so that the powder layer 35 is formed. The powder particles in the powder
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10 and defines it as a region condition. Then, based on the fluence
necessary for formng the solidified portions, the current value, the
scanning rate, the scanning interval value, and the el ectron focus val ue
of the el ectron beam 510 are determ ned and defined as the ' Thence
condition. Information about the fluence is stored in advance in the HDD
in the control unit 60 15 corresponding to conpositions of inorganic
powder particles. Through the above-described steps, the processing
condition data for each of the layers is manufactured. The plurality

pi eces of manufactured condition data are stored in the nenory in the
control unit 60. [0054] Then, using a vacuum punp, the manufacturing
chanber 53supplgodewves Fdt dd a3 nclnte chindee neghufpactiglesng Thieaedvee, Bl i s

evacuat ed, laat Qyjl t ﬁ@%@ i d

pr e- heat edpé‘g%lbqﬁg%lgg? Tlgtﬁ%%ﬁt%ygﬁeﬁ%uﬁ%t%gﬁéets %%&u%??%?\e?%@w%és (3%'5) and
starts to FapdRketan maves fasiher; horaepratly; anthe, surface iof $he jpayeder lagaer nost
llayer) (S63%andSatténd PROPbwARL 1£AH IR ADhtrebQIt! MdBuifiee BPYRIChowarLEr 35
(56). _The contral. ,ﬂ;qmt %cﬁ‘c nmands ELcih pair of powder supply devices 54
to digchar]éé'eé 11§ tkatiene S?’iPRYFﬁéHi g;?70\/vcler particles. The pair of the
powder supjplop7HieVhe @onbrbl dirsic Gl gesn protheaal ithy iwddiolgeni 35 pevaevell

ticl ' to t f th trol t 40
e, the FaneRaBeRiL bkt BTRE Jr o mbguirdurie Hethod RS2k’ 1 HRF gani ¢
powder parirradiasoi 51 titve dpobied dhe sturfagegofctienper d&7laybs 3Shevwh an elearorv, t he
! ! , . H
models ng. (i P Bkl Sof AuBSELTATLEE sfle 0 PAPRCRIAE S "
part i@l es tempdratpoawdesed supdeyeldavwwbed Bd sideriog is ngisede bi nder resin
ticles. : tyi i sit
o gant o SoaL IBEE, F%%‘ngi‘gfiﬁ 63, bt 10 BOTHAN N e SRBRCA Bylthe o
t he surf actlegfronrieaso\ddy (38 e TIwscamgol nath 6 sepde qubvilem (hg sreBagry As a

result, t %éMJc@@ﬁn?fcohﬂﬁid}Pﬂﬁﬁé o By fir}Oldysr foth BB A uPSIENOMBickes Fi 0
7. [0057] The control unjit 60 then pre- heaas t he powd | ayer 35 by a well

known net HEPIRERSTRE sepdbiamdata marudasian 4B heR Mg methfoePTiag) unitifd
i rrags at orcobtrdls e Aé@gon RagtB51aCkased 610 ehe FeEe out PitestnMichAdRbn

el ectron beam5 havi.ng a lLow.fluence. At th i t he . po r |layer 35
has its 1 BZHpe;rl[g’teuF(@ltr‘"g% upy BIB ‘?Q%E@élt}}enr ﬁ'ﬂ‘{?’fﬁz &%%F@qu\qgﬁ?sm ed.

[ P058] Theonditien swlthe ipfo@asigr d‘:cim?lfitibn ddta tbiifﬁdizld@y:ep?éss:rmgn@@idwof heh
el ectron control pnit 6Q reads.out.fromthe ne t he
processi ngﬁgghg%g Péﬁg ey -él;%fegvrla? s Fifégtr()lna$8?'mf ?’391 th‘ epF?Ht&Pft‘%Plgg%i eces
of pr ocesdsuntherawaittals the atra dastonf e and dtie irgslagpr 52 bathé onotiter Bliencs t 60
15 cqntrol l.ec u i

condii on Gaifo (RO RrARATn SuRaaih el 15, LB A nIRESRE di%he e
regi on corfdedtrem haam n2l(hr odessiregublonidier inprganicapowder rpatitides an the

prescri beg I : r k ﬁﬁﬂ]e 4 The
control unfgﬁ%;ﬂiﬁg{aﬁgg%ﬁgﬁgleléﬂ% '@?%g?(ﬁrg%&aﬁ tat&]%gs c}riegu (Zga glrd 52

s the j |
based on tR REEt19p }ldpttib&n}iﬁﬁi layer gp Jewmed i thm dase alatrab8 aso
regul ate tshewil weneig. & tlhetled powded BgaMIBlAnoAade Rwdr phhisclbd Fr9ani ¢

po particl in the region irradiated wi.th the electron beam510 are

rre},\??g-’(rj and)rggﬁ%ai 1 dge Feg Ly othes itganp% ?‘M—‘%@ﬂ Portiofe SQ % ggre | ngither g

formed onméltedasnd miradiatcr8das shown in Fig. 8. In the powder |ayer 35,

I norgani ¢ [885@]6 ARE thé ls%fid%&ed portion SO1 in the first layer is formed, the
control unit 60 determines whether the counter is nmax (S9). Here, since

the counter n=1 (NO in S9), the control unit 60 increments the counter n to

30 nt+1=2 (S10). In short, the control unit 60 prepares to manufacture a
solidified portion SO2 in the second layer.
[0060] The control unit 60 lowers the modeling table 56 by a layering pitch
Ah (S11). As a result, as shown in Fig. 9, the surface of the powder layer
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25 ©provided in the region other than the solidified portion 501 are
neither nelted and nor sintered. [0059] After the solidified portion 501
in the first layer is formed, the control unit 60 detern nes whether the
counter is nmax (S9). Here, since the counter n=1 (NOin S9), the control
unit 60 increnments the counter n to 30n+1=2 (510). In short, the control
unit 60 prepares to manufacture a solidified portion SO2 in the second

| ayer. [0060] The control unit 60 |lowers the nodeling table 56 by a

| ayering pitch Ah (511). As a result, as shown in Fig. 9, the surface of
the powder layer 35 is lowered by Ah as conpared to Figs. 7 and 8. [0061]
After step S11, the process returns to ste J}) 56. At the tine, the control
unit 60 fopiss lowrsrddondhas ceyrnrared torfigpe’ gBdder | ayer 35 provided with

the solidifomd] pgrtte!r%eéfmi She b@&@@s%tﬁiﬂke v %eﬁ YDEehé 'tﬁﬁle' Yhei N
response to a command. from the control | uni t go q&‘s pai r, of ﬁé
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th ticl th t h nb
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time, the vl atheumdrganid pmwdezamstmhas prendepplied éo pww&elt ha)relhgct ron
beam 510 @E% QP eﬁf'a{t” &5&%&’& ?z%ﬁe% %@rhalm rb %ﬂlckﬁ ofAK 52 1N

re

this case) er ri er part i cles

in alPegi ofﬁ»rmerdadﬂameenewmwdqrelaﬁereaﬁm beawiacoila t@nﬁélbtvefélearadre
solidifi eg[OO%Q%t 'hﬁén atﬁ@lcbﬁ'tlfol e‘cﬂu@@f(}l bP@h@QL?S tﬁefp W?‘Eg 1a r t3i56(57) MPnd as

shown in he_sol i ortion on the solidified
porti on 5of9rn{soe@sl}1dfrﬁ@h POFH@np3Q§é§sﬂtﬂ 6%@@dslatysr %p fs-‘@ﬂmgnﬂea t |'g
n=nmax, | nt}ﬁ;t hihe 2thé\0(f(ﬂﬁ;rolu ﬂh‘lﬂ 68 $Alaldil flokethdd Potdden BPBRBSS i wiithhehe
upper nost é nlﬁ for%f(? bas cont roISSunl t 0681 }Oé_gg s ft h oper tion from
steps S6 t9 8 UbREPHSSIE €08 312 fondhe 3y 401 14895 cp
(S6) 18nd thed onnikig sisep (Ag)a uwebult, tlefersihg dof Fagd pprmo@glaﬂlcr powder
conpl et ed. particles in a region irradiated with the electron beam 510 are melted and
solidified, so that a solidified portion SO2 is formed. At the time, as shown
in Fig. 11, the solidified portion SO2 is layered on the solidified portion SO1.
[0063] Then, the process proceeds to step S9, and until n=nmax, in other -
20 words, until a solidified portion SOnmax in the uppermost layer i1s formed,
the control unit 60 repeats the operation from steps S6 to S11. In short,
the control unit 60 repeats the layering step (S6) and the forming step (S8)
until the solidified portion 2 is completed.
[0064] Fig. 12 is a sectional view taken in the vertical direction of the
25 solidified portion 2 in the process of manufacturing after the solidified
portion SOk in the k-th layer (k is a natural number and 1<k<nmax) is
formed. Referring to Fig. 12, the solidified portion 2 in the process of
manufacturing is formed by the solidified portions SO1 to SOk layered on
one another. The solidified portions SO1 to SOk have a plate shape, a
30 frame shape, or a grid shape. The solidified portion 2 in the process of
manufacturing has a solidified wall 22 that corresponds to the bottom wall
of the solidified case 20 and a plurality of solidified walls 210 and 220 in the

process of manufacturing. The solidified walls 210 correspond to the
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[0064] Fig. 12 is a sectional view taken in the vertical direction of the
25 solidified portion 2 in the process of manufacturing after the
solidified portion SOk in the k-th layer (k is a natural nunber and
1<k<nmax) is fornmed. Referring to Fig. 12, the solidified portion 2 in the
process of manufacturing is fornmed by the solidified portions 501 to SCk
| ayered on one another. The solidified portions 501 to SOk have a plate
shape, a 30 frame shape, or a grid shape. The solidified portion 2 in the
process of manufacturing has a solidified wall 22 that corresponds to the
bottomwal |l of the solidified case 20 and a plurality of solidified walls
210 and 220 in the process of manufacturing. The solidified walls 210

cor r espondsdlalifiad wallsalli hid ithd sefdifse Wwadlsd22heomekpaid ite dheaolidif2D
correspond tg Eﬁg solidified walls 22. [0065] The solidified portion 2 in
t he proces nufacturing further stores a plurality of inorganjc
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t he powderchaaylers3®3 ssar) tmmlumlmﬂﬂimammgowﬂep nestiols ehdsThpg067)

Sint g i ng jaheph dicd Q}der partmlesTﬁ'P@re Tnlaﬁ aﬂe@ﬁeﬂrl‘)}ngh heRt fl%%?@l g%cﬁﬁﬁf i ed
out andthe smtere a rtion IS e30| ortion 2

taken out Haasn pHE p pi owaayéxaosésog sthené’é?ltgéﬁl(i rpoa@qrnpértl Sfa nd%%. The
sol i di fi echdithidr @@1téd nor sintered. Therefore, they are kept in substantially the

same grain shape as the inorganic powder particles 31 discharged from the
powder supply devices 54. The completed solidified portion 2 is taken out

20 from the powder layer 35 (S12) and the manufacturing step (S100) ends.
[0067] Sintering Step (S200)

Then, the sintering step (S200) is carried out and the sintered
portion 3 is formed (S200). The solidified portion 2 taken out from the
powder layer 35 is inserted in a sintering furnace. The solidified portion 2

25 1s heated at sintering temperatures less than the melting point of the
inorganic powder particles. As shown in Fig. 14, the solidified portion 2
stores a plurality of inorganic powder particles in each storing chamber 23.
Therefore, the plurality of inorganic powder particles in the same storing
chamber 23 are sintered and necked to one another as they are heated at

30 the sintering temperatures, so that a plurality of necks 32 are formed. By
the above-described steps, the sintered portion 3 is formed in each of the
storing chambers 23. During the sintering step, the sintered portion 3
connects to each of the solidified walls 21 and 22 of the solidified portion 2.
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25 is heated at sintering tenperatures |less than the nelting point of the
i norgani ¢ powder particles. As shown in Fig. 14, the solidified portion 2
stores a plurality of inorganic powder particles in each storing chanber
23. Therefore, the plurality of inorganic powder particles in the sanme
storing chanmber 23 are sintered and necked to one another as they are
heated at 30 the sintering tenperatures, so that a plurality of necks 32
are formed. By the above described steps, the sintered portion 3 is forned
in each of the storing chanbers 23. During the sintering step, the
sintered portion 3 connects to each of the solidified walls 21 and 22 of
the solidified portion 2. - [0068] The nunber and growth of the necks 32
can be confo0si8] ethdepainisimgndarivesh bhithd hewksas2ltan beeahirujletlatapending es.

As the heatl ti.me prol on re.necks 32 [ for d d o] e
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structure were manuf
25 shock absorbing structure was SEM-examined and the SEM images in Figs.

15 and 16 were obtained.
[0071] Referring to Fig. 15, the sintered portion 3 included a plurality of
morganic powder particles 31 and a plurality of necks 32. A plurality of

necks 32 were formed between adjacent inorganic powder particles 31.
30 Referring to Fig. 16, necks 32 were also formed between the solidified walls
21 and the inorganic powder particles 31. More specifically, the sintered
portion 3 was connected to the sohdified portion 2 by the necks 32. A
plurality of gaps 33 were formed between the plurality of inorganic powder
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5 the sane condition as that in Fig. 15 and 16 other than the heating tine
in the sintering furnace. Referring to Figs. 17 and 18, as the heating
time in the sintering furnace prolonged, nore necks 32 are formed and each
of them were grown. [0073] Now, characteristics of the shock absorbing
structure 1 10manufactured by the above-descri bed manufacturing method

W Il be described in detail. [0074] Characteristics of Shock Absorbing
Structure 1 The shock absorbing structure 1 is a conposite
structure including the solidified portion 2 and the sintered portion 3
and has a high shock 15 absorption characteristic. Furthernore, by the
above- descri bed manufacturing nethod, the Young's nodul us and yield stress
of the shoskrtidleoBbi nl¥os¢ thett theepdrosdy diehe smiteoéd pdrtion 3 03 P%=i g. 19

30 SO e B, S e BB LA
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Tabl e 1 V"eél‘?s(og)ﬁ:%aéﬁﬁcnﬂ%bi %hﬂaw?ﬁ B TP anki™ $ WRrBIBa A HBIDEFedSAEF | NY

tenperat ure ntering tine . . . .
5 the same condltlon as that 1n Fig. 15 and 16 other than the heating time in
the sintering furnace. Referring to Figs. 17 and 18, as the heating time in
the sintering furnace prolonged, more necks 32 are formed and each of
them were grown.
[0073] Now, characteristics of the shock absorbing structure 1
10 manufactured by the above-described manufacturing method will be
described in detail.
[0074] Characteristics of Shock Absorbing Structure 1
The shock absorbing structure 1 is a composite structure including
the solidified portion 2 and the sintered portion 3 and has a high shock
15 absorption characteristic. Furthermore, by the above-described
manufacturing method, the Young's modulus and yield stress of the shock
absorbing structure 1 can be controlled.
[0075] Fig. 19 is a graph showing stress-strain curves of various structures.
The plurality of curves C1 to C4 shown in Fig. 19 were obtained by the
20 following method.
[0076] Four kinds of compressed specimens shown in Table 1 were

prepared.
Table 1
Specimen Sintering ' Sintering time
No. In storage chamber temperature (°C) ()
1 None - -
9 Powder particles
(not sintered)
3 Sintered particles 920 100
4 Sintered particles 920 1000

25
[0077] Referring to Table 1, a specimen 1 had the same structure as that of
the solidified portion 2 shown in Fig. 2 and a plurality of inorganic powder
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1 None 2 Powder particles (not sintered) - 3 Sintered particles 920 100
4 Sintered particles 920

particles 31 were not stored in each of the storing chambers 23. The
specimen 2 had the same structure as that of the solidified portion 2 shown
in Fig. 14 and a plurality of inorganic powder particles 31 were filled within
each of the storing chambers 23. However, the plurality of inorganic
5 powder particles 31 were neither melted nor sintered.
[0078] Specimens 3 and 4 had the same structure as that of the shock
absorbing structure 1 and a plurality of sintered portions 3 were stored in a
solidified portion 2. The specimens 3 and 4 were both manufactured by
the above-described method.

10 [0079] Each of the specimens 1 to 4 was a cube having a size of about 10
mm X 10 mm X 10 mm. The solidified walls 21 and 22 each had a
thickness from 0.4 mm to 0.6 mm, and the distance W (see Fig. 2) between
adjacent solidified walls 21 and 22 was 2.5 mm.

[0080] The raw material for the solidified portion 2 and the sintered

15 portion 3 of each of the specimens 1 to 4 was inorganic powder particles
made of titanium 6-aluminum 4-vanadium alloy specified by JIST-7401-
2:2002. The sintering temperature for the specimens 3 and 4 was both
920°C. However, the specimen 3 was heated for 100 hours whereas the
specimen 4 was heated for 1000 hours.

20 [0081] Using the prepared specimens 1 to 4, compression test was carried
out based on JIS H7902:2008. More specifically, compression test was
carried out in the atmosphere at room temperature (25°C) using an instron
type compression tester and the stress-strain curve shown in Fig. 19 was
obtained. At the time, the compression direction was along the direction in

25 which the solidified walls 21 of the specimens 1 to 4 extended (in the up-
down direction in Fig. 1).

[0082] Referring to Fig. 19, the ordinate represents stress (MPa) and the
abscissa represents strain (%). The curve Cl1 is a stress-strain curve of the
specimen 1. Similarly, the curve C2 is a stress-strain curve of the

30 specimen 2, the curve C3 is a stress-strain curve of the specimen 3, and the
curve C4 is a stress-strain curve of the specimen 4. Values E at signs C1 to
C4 are the Young's moduli of the specimens 1 to 4 respectively.

[0083] Referring to Fig. 19, although the specimen 1 (curve C1) and the

-18-



1000 25 [0077] Referring to Table 1, a specinmen 1 had the sane structure
as that of the solidified portion 2 showmn in Fig. 2 and a plurality of

i norgani ¢ powder particles 31 were not stored in each of the storing
chanbers 23. The specinen 2 had the sanme structure as that of the
solidified portion 2 showmn in Fig. 14 and a plurality of inorganic powder
particles 31 were filled within each of the storing chanbers 23. However,
the plurality of inorganic 5powder particles 31 were neither nelted nor
sintered. [0078] Specinens 3 and 4 had the sane structure as that of the
shock absorbing structure 1 and a plurality of sintered portions 3 were
stored in a solidified portion 2. The specinens 3 and 4 were both
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at nospher € ak room t enpera ) using an ins [ eSSi
t est &0 andhmﬂnﬁhmmkeﬂsosmm@mnhaUﬂ$3ﬂshgmn in Fig. 19 was obtalned At the
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di rect i on fon thepdollaying reason. During elastic deformatmn t e solidified portion
2 is mainly subject to compression stress. However, after the yield point,
the solidified portion 2 starts to plastically deform. At the time, a plurality
15 of necks 32 and inorganic powder particles 31 around the necks 32
sequentially plastically deform as the strain increases. More specifically,
since the solidifted portion 2, the necks 32, and the inorgamic powder
particles 31 around the necks 32 plastically deform, the shock absorbing
structure 1 continues to plastically deform without fracturing. In addition,
20 when the necks 32 and the inorganic‘ powder particles 31 plastically deform
together with the solidified portion 2, the gaps 33 are gradually narrowed
but the presence of the gaps 33 restrains rapid densification. Therefore,
the plastic deformation proceeds while the stress is prevented from
abruptly increasing and kept at a prescribed value. The densification of
25 the sintered portion 3 caused by plastic deformation proceeds slowly. The
plateau region is maintained until there is a level of strain large enough to
substantially eliminate the gaps 33.
[0086] By the above-described mechanism, in the stress-strain curve of the
shock absorbing structure 1, a plateau region with a long duration is
30 generated, and it is presumed that the shock absorbing structure 1 has a
shock absorption characteristic.
[0087] Further for the shock absorbing structure 1, by controlling the

sintering temperature and the sintering time, the Young's modulus
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[0082] Referring to Fig. 19, the ordinate represents stress (MPa) and the
abscissa represents strain (%. The curve O is a stress-strain curve of
the specinmen 1. Simlarly, the curve C2 is a stress-strain curve of the 30
specinmen 2, the curve C3 is a stress-strain curve of the specinen 3, and
the curve C4 is a stress-strain curve of the specinen 4. Values E at signs
C to ¢4 are the Young's noduli of the specinens 1 to 4 respectively.
[0083] Referring to Fig. 19, although the specinmen 1 (curve C) and the
specinmen 2 (curve C2) deforned plastically, they fractured with | ess than
20% strain. In contrast, the specinmen 3 (curve C3) and specinen 4 (C4) did
not fracture even with 80% or nore strain. Furthernore, the curves 133 and
C4 had a plappezent Sfiumg'sPhd@iwlne),ethd eyickd esswasandublse ashtockl hhs@bined
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sintering temperatures on the shock absorbing structure 1. In the stress-

20 strain i Fig. 20, the curve C5 was obtained by the following method. A
new specimen 5 was prepared. The specimen 5 had a higher sintering
temperature than that of the specimen 3. More specifically, its sintering
temperature was 1020°C. The other manufacturing conditions were the
same as those of the specimen 3.

25 [0091] When the curves C5 and C3 in Fig. 20 are compared, the yield
stress of the specimen 5 is higher than that of the specimen 3. The Young's
modulus of the specimen 5 obtained based on the curve C5 is 45 GPa which
is higher than that of the specimen 3. Furthermore, the shock absorbing
energy of the specimen 5 was greater than that of the specimen 3. It is

30 presumed that since the sintering temperature was high, the formation and
growth of necks 32 were promoted.

[0092] As described above, by controlling the sintering temperature and
the heating time in the sintering process, the Young's modulus, the yield
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30generated, and it is presuned that the shock absorbing structure 1 has a
shock absorption characteristic. [0087] Further for the shock absorbing
structure 1, by controlling the sintering tenperature and the sintering
time, the Young' s nodul us (apparent Young's nodulus), the yield stress,
and the shock absorbing energy of the shock absorbing structure 1 are
controlled. [0088] Referring to Fig. 19, the specinen 4 was heated for a

| onger period than the specinmen 3 in the sintering process. Therefore, the
yield stress 5 and Young's nodulus of the specinen 4 were greater than

t hose of specinmen 3. Furthernore, when the curves 03 and 04 are conpared,
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3. 25[ 009 yidther{distenees Vo Ehuwag @ and £ gn B Zlewesnphiaacdthyeths el d
stress of fhlewSREGhEMBA® ISpebittied 6t4yad 7t Rate 9&3{;{}%5 PEhie Bt ahce Wein

Young's nodul us Of the speCinmen 5 ohtai ned based on the curve 05 is 45 GPa
which is I—F?’@h%?ecilﬁﬁﬁ & s 19 mpmewduch wasngreatef %rtir%rdé,stat% @w@cfhe

absoidi ng speifyn af (2t HmmpecOrBheDtWas hahdaties dishasied Wain tHe sheimpaci men

3. It is was 1 mm which was smaller than the distance W in the specimen 4. The

other manufacturing conditions and compression test method for the

specimens 6 and 7 were the same as those for the specimen 4. Based on

the obtained curves C6 and C7, the Young's moduli of the specimens 6 and 7

20 were obtained. The Young's modulus of the specimen 6 was 15 GPa and
the Young's modulus of the specimen 7 was 40 GPa.

[0095] Referring to curves C4, C6, and C7 shown in Fig. 21, there is a
plateau region P100 in each of the curves. Therefore, the specimens 4, 6,
and 7 all had a shock absorption characteristic. The specimen 6 having

25 the greater distance W than that of the specimen 4 had Young's modulus
and a shock absorbing energy both smaller than those of the specimen 4.
On the other hand, the specimen 7 having the smaller distance W than that
of the specimen 4 had Young's modulus and a shock absorbing energy both
greater than those of the specimen 4.

30 [0096] As in the foregoing, by controlling conditions including the sintering
temperature, the heating time, and the distance W between solidified walls,
the Young's modulus, the yield stress, and the shock absorbing energy of the
shock absorbing structure 1 can be controlled. These conditions can be
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30presuned that since the sintering tenperature was high, the formation
and growt h of necks 32 were pronpoted. [0092] As described above, by
controlling the sintering tenperature and the heating tine in the
sintering process, the Young's nodulus, the yield stress, and shock
absorbing energy of the shock absorbing structure 1 can be controll ed.
More specifically, the shape of the stress-strain curve can be changed,
and the period of the plateau region and the anmount of shock absorbing
energy corresponding to a prescribed strain anount can be 5controll ed.
[0093] If the distance Wbetween opposing solidified walls 21 and 22 is
controlled, in other words, if the width of the storing chanber 23 is
cont r ol | edconthalledbtygthe mbowbtescrihed ynahdfatnosg, method heTharafareasor bi ng

energy of ﬂgh Iﬁgﬂufﬁéi?ﬁﬁﬁg?'rﬁ&hﬁﬁr UeddHash t%a@h eﬁ%@&hﬁ{e @dthem{’ d Fig.

21 is a graphInc ress-strain c plural ity of oc
absor bi ng @todublﬂdr@? Ylﬂdwtﬁg&"%t@d ﬁbecmﬁbswlﬁﬁ temengy foly it

(dlt ﬁt gncgsaworb é‘t‘i‘-ﬁcﬁ@galnﬁb 14 mz{h&a&&u%%\aﬁgﬁa (?ﬁit%mgvﬂem%;f] he fol I OWI ng
met ho pecl men a e prepare e distance Win the speci nen
was 19 mnmgﬁ @?gh?@?mﬁ{)?@ 119%’1% LB&PEhce Win the 15 specimen 4 (2.5
mn). On the ot hgs dessdbed %ﬁbStH@%ﬁowla’bsbﬂﬁngpﬁ@u@lﬁﬂeﬁ s 4 seFswhi ch
was smal | er than the djs (i}ance e The, .ot her (% uf acturing
Condi t on< i e eciGRE Bl kAt GG Rh, neoaRelHHE ARt | he
sanme as t hesdifions,tite Fﬁpﬁgmdfhluaayﬁadﬂ Girddse anldt shovkdabsurbess eéepgyd C7,
t he Young' dul i ., of ecknens 6 7 r i . g's
modul us. of¥hBe Sopsl o TRECLEEE s AusOTRE TRUBHER S (g
speci®ren hpﬂmadﬁnﬂithat[x@q)@ﬁp aRdicekralsgrpion eheeact@istics, and C7 shown in
Fig. 21, tmggg] 'Hgﬁw‘&'lgfn;ﬁéﬂﬁ £gion P100 in each of the curves. Therefore,

the speci mens had a shock absorption characteristic. The
speci men 6 havi HBhe@shedkeabsarhing stuctuececcardingriotthetpresenthembpdunesh 4

had Young'agmsilesy %ldefaxﬁ?ﬁ,cﬁs %bﬁﬁfd@ddlgngﬁlﬁhgy Pfg&;h 2oMulbgy ddnanidrose

of the specinen 4. t he ot her hand eci_ren having the Smaller
di st ance \WalhaAre: RErSRICtivee ViYEE i Ghe soxhing slgyature aped Asivdek

absoipi Ng HHETGY R Pro3tledis imiphant, t m:isgeng ikhe @@9@&@% view 3PhQQ8RIN As in
the for egocllpc(‘i’ed %Xz v ?ﬁ;\, g ll{nr(]e 111C%ndléé ons gncfll 'ﬁi I}eggpescltg}ee\;llea'g of the

inside of a region surrounded by the dashed line in Fig. 23A. Referring to

Figs. 224, 22B, 23A, and 23B, shock absorbing structures 100 and 110 are

for example inserted into a thighbone and used. The shock absorbing

20 structures 100 and 110 each include a solidified portion 2 and a sintered
portion 3 similarly to the shock absorbing structure 1. The solidified
portion 2 includes a tubular solidified case 20 (that corresponds to a so-
called stem portion) that has a lengthwise direction and a plurality of
solidified walls 21 provided inside the solidified case 20. The solidified

25 walls 21 shown in Figs. 22A and 22B extend in the lengthwise direction of
the solidified case 20 and arranged in the widthwise direction of the
solidified case 20. An end of each of the solidified walls 21 is connected to
another solidified wall 21 or the solidified case 20. The solidified walls 21
in Figs. 23A and 23B each include a first solidified wall 211 that extends in

30 the lengthwise direction of the solidified case 20 and a second solidified wall
212 that extends in the widthwise direction of the solidified case 20 (in the
horizontal direction in the figures). An end of each of the solidified walls
21 1s connected to another solidified wall 21 or the solidified case 20.
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tenperature, the heating tinme, and the di stance Wbetween solidified
wal |l s, the Young's nodulus, the yield stress, and the shock absorbi ng
energy of the shock absorbing structure 1 can be controlled. These
conditions can be controlled by the above-descri bed manufacturing nethod.
Therefore, by the manufacturing nethod according to the enbodi nent, the
Young's nodul us, the yield stress, and the shock absorbi ng energy of the
shock absorbing structure 1 to be nanufactured can be controlled easily.
5[ 0097] Uses of Shock Absorbing Structure As descri bed above, the
shock absorbing structure 1 has a stress-strain curve including a pl at eau
region. By C99;r0||| ~the manufacturing conditions, its Young' s_nodul us,

yi el d stre999nbhe lﬁﬁéw%ﬁenéoeﬁ@‘ﬁ? wndige 28t rdiBed3ATHRGI SR, the
shock abs Oﬁﬁm@r BhS léle;HIrﬁhfty %@stﬁﬁ%mn&mﬁpzs partifbsed B3t tHeepMIrhBtP
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exanpl e as (ﬁ'tml gal Thamlﬁfaredli;cgﬁmn'é%ara%&maaéd land Iﬂ&BaHf)eoﬁ@ﬂéS]@@Ctl ve
v o0t 2,21eck SRAQR U SURLY Syt A4 B e o,
a dashed Imn&nmdlﬁg@onQZA glgh §3F |s a perspective V;GW/Of the inside of
aregion s he,dashe ne.in o_Fi

2o oo, “BHRBYDERE Sock RHERAIRE, iyt 18p, ABE 105" R Mg ool 45,
exanpl e i newrganici smlnstanmusgnblaréy atndthtsedmCth)sphm absmtbrmg 20The
structuresg e o er ed
portion 3 éﬁﬁﬁﬁarﬂX&#gn E%QEE%ng#bH%%¥§S urez¥ﬁ9%%% so?ééé?&%
porti@®n 2 ¢heemabgomppa1§mrar Imrgmmumifsrsba@ml@& Batanedpyedersdrhyi snade

so-cal | ed gt empont i epk édlﬁﬁﬁ@&%cﬁtm‘ﬁ”gtm $Re GiRReEd %rﬁﬂﬁ 2 b Uhld ty of

solidified walls_ 21 provided | nside_the soljdified case 20. The SO|IdIerd
25 wal | s Zrelarahly mads gktilapwm o Hbamigy aﬂayl ntere the H&W@ea P¥ &&t i on

of the solilthyf éftafifing sddeads@it30dRANiMMt he W dt hwi se direction of the
SOl 11 e oSHRF e iSRS bl 45 5 U by
wal | §5 21 igtridigses 180 andl 128Beanivre prefidably fiddit of tikaliio e Mwmuﬁﬂl
et e R By SIS BhSEhie e AL B SREAP
the soli dithieesintesd ROrifom 3 lage hlor i zample diadecof tibanmt e ahimgures) 4- An
end of eaqhufluibBiea Rl LR BEHS Frad 2900055 Athditn 18! ARbonigh! 41 11 ed
niobium 4-tantalum alloy specified by JIS T7041-4:2009.
20 [0102] The shock absorbing structures 100 and 110 are manufactured by
the same manufacturing method for the shock absorbing structure 1. The
solidified portion 2 is manufactured by the manufacturing step (S100), and
therefore the solidified portion 2 can be manufactured into various shapes.
More specifically, the solidified case 20 can be manufactured to have a
25 desired three-dimensional shape and the plurality of solidified walls 21 in
the solidified case 20 can be manufactured into a desired shape and
allocated to a prescribed position.
[0103] The shock absorbing structures 100 and 110 preferably have
Young's modulus in the range from 10 GPa to 50 GPa. In this case, the
30 shock absorbing structures 100 and 110 may have Young's modulus the
same or close to the Young's modulus of a bone (10 GPa to 30 GPa).
Therefore, the shock absorbing structure 100 can have a mechanical

characteristic analogous to a bone. As described above, using the layered
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[ 0099] The solidified case 20 shown in Figs. 22A, 22B, 23A, and 23B
further has a plurality of storing chanbers 23 partitioned by the
plurality of solidified walls 21. The storing chanbers 23 each store
sintered portions 3. The sintered portions 3 are connected by a plurality
of necks 5 32 to a plurality of solidified walls 21 provi ded opposed to
each of the sintered portions 3. [0100] The shock absorbing structures
100 and 110 are made of an inorganic substance simlarly to the shock
absorbing structure 1. The solidified portion 2 and the sintered portion 3
preferably have the same 10 chem cal conposition. |norganic powder
particles 31 are preferably nade of a netal. The solidified portion 2 and

t he si nt er scdupdattivomg raethodpribieptlicknass windue sofidifiedamalnZdr amidt 8h¢ um
al l oy. Herg, ir thani 0y . C i $H |
titan um {81 qﬁﬁ?ﬁ%%i%‘?]%&%ﬁa@i%ﬁ paL %9%1?{’%3 ;ﬁ&%ﬁeﬁ%ﬁik
absor bi ng MEMHA¢IEE UL $1EP0 1199 dhat nre SE’PélfgeSra-‘BP ium
or titani umalhayy $ARELEIRIINY «HaS1T0 49k LdRbALDMRA! | FodthotmdrBe if the
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titandum cHIAteHNE bRIPETIHEAshE L@‘;‘ftlélﬁéb‘?l?ilg&hﬁf@‘i‘*gmﬁ?ﬁ@?- §§?ggﬁl%r
titani um 1gnisltal) tHd Founi's hhbdul- sfathiakhneiahbsyrbsng Githu@drdy 100Snd
menuf act ur DD 5 8. CUREOHER SERTETeTG: ek HOBTHHEE p S oBRae B e
manuf act ur u ? o]
str ucE g r1 8Odomﬁtigns,ﬁtlieﬂ}thﬁg’sﬁnbﬂh?i_nof?ﬂ@@ sheciubbesdthing dtyudtheesraN0fand u 5 i ng
step and .t herefore t SOl e r n ' e
Thto vari olO B Heo fi Efuge R PR, BOGPRT, FhE Tl BRMA HE
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luralit | hdi:-fi i
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[0103] Theprsisenk eapbadipiand ean Jwave doungls amdulue gnpapeimasiey tha dovsung' s
modul us i NpLerRRYE LE QRLHY AES. P9 6P édinlgfgs§ioﬁa§t§'esé'&%§9es%lﬁﬁi3k

absorbing structures 100 and 110 may. have Young s nodul us the same o
close to tEaNoeREyes afddel thocktahpopbing sirycpss avece oiapauTiRgiebad the
sh0|0k5 abs Oﬂ}iélréﬂ)gétﬂi@fshbg& %ogaiglgﬁ@m@ump f&@étj[ gﬁvlecaaéle%&e r::t'b%bif-ﬁtiq[n _
anal ogous to a bone, escri above, .usin e | ayere nuf acturing
ot hod. & RS CHarRgo by PROgk AbEProE shiteRie dcordiReeowiibr woen
?dj ac;ant Serleiseh § éﬁ@oﬂﬁhbﬁt &Jsxﬁgailulpms{cedmhsr@h&@ﬁckﬁrigiﬂlagﬂanuf acturing step
5100), s .YqQung; Snmodul i . the shock absorbing structures 100
and 110 cg[lqtl@g} c%?ﬁelll%%fo to EfﬁIfSrPé)FFFﬁ;Fg,l if the 5 sintering tenperature and
t he heating ti mélhashdxdk shsvirbinggirsictpre H206Jingrte thenireséhteenbbiamdoting’ s
noduld of e | r -he | ed.
e
modul i of & kBophaoil albtainbi iy desarchard eboteothendoung's candbls, theeldnge
from 10 Geg,dR 3Qd ?{B%dl%"ﬁ i ] |
structure ig Fe%era I?/ (??{om 0 %BP%@[&% %%%égg?ﬂs%gg @ggp&ng%%&h@g 1
can be controlled as required based on manufacturing conditions in the
manufacturing step (8100) and the sintering step (S200). Therefore, the
25 shock absorbing structure has Young's modulus and yield stress depending
on the kind of a moving object to be used and a stress-strain curve with a
plateau region. The sintered portions in the shock absorbing structure
have gaps 33, so that the shock absorbing structure is more lightweight
than a solid material.
30 [0106] Second Embodiment
The shock absorbing structure is not limited to the structures
shown in Figs. 1, 22A, and 23A. Fig. 24 is a perspective view of a shock

absorbing structure 150 according to a second embodiment of the present
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[0104] As in the foregoing, the shock absorbing structure according to the
present enbodi nent can have Young's nodul us approximate to a bone.
Furthernore, as shown in Figs. 19 to 21, conpression stress-conpression
strain curves of the shock absorbing structures have a pl ateau regi on, and
15 therefore the shock absorbing structures al so have a shock absorption
characteristic. Therefore, the shock absorbing structure according to the
present enbodi nent is suitably used as a nedical inplant. [0105]
Application to Transportati on The shock absorbing structure according to
t he present enbodi ment 20 can further be used in a transportation such as
an autonobile, an airplane, a shop, and a train. As described above, the
Young's nobwensiont hdigi 25 i stsecdonalavigwt tekeshadokg diseoXKEVngX¥nier Big. @8- t he
shock absopbj g st f Uil RbER alSGhiRRe <8 'thfzg 1BSEELAR
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si ntering salshfiegpooiion Prendnoriateredpozbionibarmitidy o the Sbﬂ‘?kjébﬁﬂ@%;
Z/ougg' s nga%gﬁuagg Yol (ito@t r g% Q%&m&pﬂgoﬁ@ﬂ {Eeié“rﬂﬁ!'s?xfap@dn%ﬁ:ﬂ Qﬁlitﬂbl egt
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. e manufacturin thod in Fig. S not,.inclu t intering
step’ S200 DHBRY fhegn i ciiEng merfad AleCiReg thesSeonicmboditngl o
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enbodi mentpatbien Hotandndhadsintheediparéonng serepmasedagturitr in spelaybiashl |y,
by the Z%Hﬁﬂﬂi&ﬁﬁﬁglﬁgc%w according to the present enbodi nent, the

solidifiﬁ& orfion 2 and sintered portion 3 are manufactured in a
| ayer ed ng)gttl\/jprqquﬁ(ﬁglﬁaﬂg the layered manufacturing machine 50 forms a

plurality of solidified portions SO1 to SOnmax and a plurality of sintered

25 portions SI1 to SInmax. The sintered portions SIn is made of the same
powder layer 35 as the solidified portion SOn. When a new powder layer
35 1s formed, the layered manufacturing machine 50 forms a shock
absorbing portion Un including the solidified SOn and the sintered portion
SIn in the new powder layer 35. The plurality of shock absorbing portions
30 Ul to Unmax are layered and the shock absorbing structure 150 is
completed. At the time, the solidified portion 2 is made of the plurality of
solidified portions SO1 to SOnmax and the sintered portion 3 is made of the
plurality of sintered portions SI1 to SInmax. Now, the manufacturing
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[0109] More specifically, the layered manufacturing machine 50 forns a
plurality of solidified portions SOL to SOnnax and a plurality of sintered
25 portions 511 to Slnnmax. The sintered portions Sln is made of the sanme
powder |ayer 35 as the solidified portion SOn. Wien a new powder |ayer 35
is formed, the |l ayered manufacturing machine 50 forns a shock absor bi ng
portion Un including the solidified SOn and the sintered portion SIn in

t he new powder |ayer 35. The plurality of shock absorbing portions 30 Ul
to Unmax are | ayered and the shock absorbing structure 150 is conpl eted.
At the time, the solidified portion 2 is made of the plurality of
solidified portions SOL to SOnmax and the sintered portion 3 is nade of

t he pl ur al meyhed astortlsreth thor prasest ShbodomShhmal. beNbrscribled inadetifiidct uri ng
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25[ 0114] Thet control.unit B(g%cﬁ)r&- heatts thg po%er Ia¥‘er %@ éi57). The
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[0115] Thd1$3ht diledequrel onitHd thememriecoutr egerasionoln steps Sthin 86 nmtndol
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forming step).

25 [0114] The control unit 60 pre-heats the powder layer 35 (87). The control
unit 60 then reads out the processing condition data for the solidified
portion SO1 from the memory and forms the solidified SO1 (S8). The
control unit 60 then reads out the processing condition data for the sintered
SI1 from the memory and forms the sintered portion SI1 (S801).

30 [0115] The sintered portion SI1 is manufactured as follows. The control

unit 60 controls the electron beam 510 based on the processing condition
data. The control unit 60 controls the regulator 52 based on a region

condition in the processing condition data and irradiates a prescribed
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region of the powder |layer 35 with the electron beam 510. At the tine, the
control unit 60 irradiates the electron beamw th | ower fluence than that
of the electron beamirradiated in step S8 based on the fluence condition
in the processing condition data. A plurality of inorganic powder
particles in 5 the region irradiated with the el ectron beam 510 are
heated to a tenperature |less than the nelting point and then sintered. As
a result, the sintered portion 8l1 is forned. During sintering, the
sintered portion SI1 is connected to the adjacent solidified 801. [0116]
By the above-descri bed manufacturing step, the shock absorbing 10 portion
U is forned in the powder |ayer 35. Thereafter, the control unit 60
repeats t heegioy of theypswdpr (@6)r 3mwitihehe elestioy Teraap 5187, Agghediaesshn)

until a Shﬁ@gﬁ blgs i Yo R %é&%&@l@%ﬁdn“béét]ﬁ vwmoév@r 'fﬁy)é%e 'tﬁaﬁ%qe@f( S9) .

When the s ing portjon_Unnmax In e nmax- l'ayer 1s formed (YES

in S9), ththesplsskrogbhesns) wgadiated inrden sy pasedbrp| @teeﬂuelr%wq@lwet ed

[SB‘{‘; l; abs Oﬂﬂs tcégélﬁgtdéhaltiéﬁ? da%al aheﬁlu&?é!llityf 6Ok BenRQYSed o ﬁaﬁidé@ld S12).

p carried out, follo ste
5801, \mu estr@@%wfrwt% P fi@ slectron sheamy qlﬁer?"?tﬁ% §%¥ he
carri ed outempda@liid]eskhthaahebk xﬂ@ﬁﬁigopeﬁltsémuq;huﬁeslﬂ;&&eﬁan!Afsa@tmsalt by
t he above &SCI’I bed manuf a F[ n (a(hoﬂ i ncl ud s .a hj 1_lrl%ock ab or t| on
Char act or 1 015 Gngeimh Borepes S e TmEd Dubi HEEk Pec i stoRot 4
27 is a ger]hlschonmeeterdemst-}mtatdyanem:wolﬂhﬁédis&l shock absorbi ng structure
40, BT AT BUOSH R ab e 6] LU AR FRREe T PR ROR P 0
si zeldf 5 pnntmnsUrlmsﬁosmmh inl phe nvevxshedayr@n% ﬂ‘heresatfteldrthe @dntmil tingh had
a parallel z f yi ded
|npt he cen ?’(&Bﬁ%’g{%@%ﬁlp %éas%b quaorfd %*s%é@gn%tnﬁs WAs r’raar,]iﬁ?algp?red by

ek (30).

t he manuf a@aﬁ;}w@mﬁah@@r igg pobigh WanmExgn the nmpga-tdpleyeranfemed
structure Wﬂié\ﬂ“tﬂé‘sﬁé&sab%b%ﬂg é%%laﬂqjﬁﬁ{d’xeﬁp‘ﬁﬂ‘g%xﬁ%( 4R 5§00 8K f3RSQL bi ng

conpr ess i§ A oRyBPe Hiabiochanbperiag byiTueleepbvs it | HPBEFG poRr
partigles Mﬂetmmb@&bi@ stri@firet 15D BRA&ARYS ffordtHe Dotaled Thié@ni um
6- al um nuné5 (élﬁ}adl um al | oys specified by JI'S T7401- 2: 2002.

[0117] Note that in Fig. 26, step S8 is carried out, followed by step S801,

while step S801 may be carried out first and then step S8 may be carried

out.

20 [0118] The shock absorbing structure 150 manufactured by the above-
described manufacturing method includes a high shock absorption
characteristic similarly to the shock absorbing structure 1.

[0119] Fig. 27 is a graph of a stress-strain curve of the shock absorbing
structure 150. Fig. 27 1s obtained by the following method. The

25 specimens 8 and 9 were prepared. The specimens 8 and 9 had a
parallelepiped shape with a size of 5 mm X 5 mm X 8 mm. In the specimen
8, the solidified portion had a parallelepiped shape with a size of 1 mm % 1
mm X 8 mm and was provided in the center of the specimen 8.

[0120] The specimen 8 was manufactured by the manufacturing method

30 shown in Fig. 26. The specimen 8 has a structure shown in Figs. 24 and 25
and corresponds to the shock absorbing structure 150. On the other hand,
the specimen 9 was manufactured by compressing inorganic powder
particles by cold press. Inorganic powder particles as a raw material for
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[0121] The manufactured specinens 8 and 9 were subjected to conpression
tests by the sanme nethod as that carried out to the specinens 1 to 7 and 5
stress-strain curves shown in Fig. 27 were obtained. [0122] Referring to
Fig. 27, the curve C8 is a stress-strain curve of the specinmen 8 and the
curve C9 is a stress-strain curve of the specinen 9. The Young's nodul us
of the specinen 8 is shown in Fig. 27. The specinen 9 yielded to very | ow
stress because the specinmen 9 was formed sinply by 10 conpressing the

i norgani c powder particles and did not show a shock absorption
characteristic. On the other hand, Young's nodulus E and yield stress of
the specinmen 8 were both higher than those of the specinmen 9. Note that

t he Young' bothothd epecimens® @pd ¢ verreviatanippr 6xdlmmtinunp 4 vanadunyadopddul us

of a bone. (FlkE Der 0008 7408 -s90we. C8 has a plateau 15 regi on P100.
Therefore,slgy arrgigprilg out ‘step 5801 to formthe solidified portion 3, the

| ow Young' ¥123duThe marulacensdicrgsypens Samdd sroresapiested taesBPERIshed

[0123] As iditd b9 (el £40b HetHddeas RAGK cAPSOd RiubGoStheUgiddifeddd RT #nghock
absorption characteristi Cﬁi’lﬁm | ar ng%zo? t he shock absorbing structure 1.

The 20 shYERSSBIIBHLFRY S SRR hYis¥e PRlainetht wei ght and nmay have | ow
Young's nolduad Refestingaty Wi@pplj eHe touree negliisal strspbantain] 4] ofTtes
shapes of the.shoc% a rbi n st(?]%ctureiwes}cpﬁrr ding to %hﬁlfi [ st. andgsecond
enbodi ment PEHBRo? AN e FUYC thode BREWTS ISR LYC At 23R PE B2 Fi g.
28 shows diih¢ AMeungkamptelnf of the sfpuatikealts oy thovgn b Migt A¥.e. TAS sReéietien ng t o
Fig. 28, the. i qifj I shoc j ruG 0
i udos 1o SRRIGoPIeES 188! 180 Bofudt thet AaitnBRSS W rldd GalhS 5P
plurdlity wimpssuig ithd wargsnikspopdevi padides weeh dithenttwshewl iadishoed

wal | s 250. | sol.i didi i}ﬂﬁa [ .
solidifi eda b\%ﬁjﬁ)g[&gggha%%g?é%b Tgaﬂ Es}ﬂeogﬁ{ absor %)ghgsﬁ}g{iﬁgg Eiaé%_mﬁ%\?ll%g t he
above- 30d¥sess pbihe wapenem SHwerarhsthchighen thant thosgeefhthe shewmemIF g.
2?- [t0125]N34;et gﬁé@%ﬁé’ QE)ﬁngtgh&oﬂ%hiéQWe%seqo@Pﬁ:t‘h’&tl?w?é alp ?orﬁﬂ?&%lﬁﬁbﬁ% g'4n9
structure gay be rod-shap r made, of. a single plate shown in Figs.
and 25. Thg’a‘éfkﬂﬁ‘ dne ‘é]dlsp%fre # gﬁné- \rhhRran et rtilﬁecwgp %ma @rnlag%%pe
i ncl wli ng @t 108t | dThe@éfoRe Pbtr @irkiMgobut ettp SBO1Sofdrm the sshiddked
absor bi ng st ;Euctgr glheagocor{@ﬂl ng,to qtl[ig pr es(fnt [ n%ﬁ i on .nee&%s only.include
2 sol i di { IRATUIS U1 R SR AUHE 5 TepieS e ot hook fDsqTp HOPh A REIPTiHE o
si ntered poetd atasnebnnected to the solidified portion 2. These shock
absor bi ng ruct ures .can be nuf.act ur.ed t he nuf rin t.hod
Shown i n_AP323bAE HTER 16R RN TR RN HE Bl B P Bhh PEeBBO 20,
and 110 cabsarptiohehapmitustiosenilaylyt tretheashdchothsorbigenset-hetaire HowThen Fi g.
36' 2P127]5HdR1 HHRYDILE sEhturd 158 3hat F'HehteieM GRa NSy iﬁ%qb\;\r'ﬁ)qm%og tion
modulus is suitably applied to a medical implant.
[0124] The shapes of the shock absorbing structures according to the first
and second embodiments are not limited to those shown in Fig. 1, and 22A
to 25. Fig. 28 shows another example of the shock absorbing structure.
25 Referring to Fig. 28, the solidified portion 2 of the shock absorbing structure
160 includes two solidified walls 250 provided opposed to each other and a
plurality of solidified walls 251 provided between the two solidified walls
250. A plurality of solidified portions 3 are stored in the solidified walls
250 and 251. The shock absorbing structure 160 having the above-
30 described shape can be manufactured by the method shown in Fig. 26.
[0125] Alternatively, the solidified portion 2 of the shock absorbing
structure may be rod-shaped or made of a single plate shown in Figs. 24
and 25. The solidified portion 2 may have a frame shape or a grid shape
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10 includes the solidified case 20, the shape of the solidified case 20 is
not particularly limted. The solidified case 20 may be parall el epi ped as
shown in Fig. 1 or have a curved surface as shown in Figs. 22A and 23A
The solidified case 20 is fornmed by the |ayered manufacturing method and
therefore the shape is not particularly limted. 15[0128] The solidified
case 20 does not have to be conpletely seal ed. For exanple, one or nore

t hrough holes may be fornmed at a solidified wall 22 that corresponds to an
outer wall of the solidified case 20. A through hole may be forned at a
solidified wall 21 that corresponds to an inner wall of the solidified

case 20. Each of the solidified walls 21 and 22 may be in a 2Qgrid shape
i ncl udi ng Bcdedien & icomtanatiop| af o i phurakity gfs 1'0@%12@ Ehehe shock

manuf act ur hRehreigd gﬁ?cﬁf&%%tl)mnfg%t?? diersﬁht ﬁﬂﬁbnﬁtﬁﬁfﬂ@bmb 6 inBlide, a t he
i norganic r particle are_nelte ectr.qn
man u? act ur g@%\'\(ﬁgeé&q@m ?eg‘aﬁg’r% 2 Shape Dr%v@%;é\c“félﬁpé tgg‘éﬂ%S‘fi aﬂ%@?’&@f' #®n
Eeam 510, f)dilQldIﬂQif' @aﬂn@ctpdwﬂﬁn:h@ami(ﬁﬁea Iairtmy 2be "erisbeshdmk aba&rbinger

eam or exanmpl e from.a er or._a se duct or . aser.
nandrt, RaC g same o ophed Py g Gk fnE BER A P RIS he
sol i di fi edZ@ortl on 2 is formed. [0130] By the manufacturing nethod

di Led out

et or e ot ey 15T oNOEE ERA BRI lngbisl sixlayBl 3P 190U TIO Ry SR b
speci fi cal mmﬁa@]umeébgd;hpananofacﬂmmnlgenédmﬂeﬁhdwmsm Fagi26.hen a solidified
port on_ a1 ' RE Wiwid T NS, 92994, L 9 3@5 QU RAE! I iffod ﬁ;o&?ﬂﬂﬁe@t ed

to the soli porti sintere ortion

sol i dPfi edlf}ﬂl)‘ll‘iﬁsoﬁhQ sahdlfpmi pﬂ§e r2@|, tthg. sha[me pherrel lﬁuﬁﬁdalcasg/ 28k 15 met gani c
powder par]fgaﬁh&ﬁa % VsSidedCCaY RE)HFId @akb I 30 ﬁﬁ? BQCQMIW%HEQ@S may
|

i ncl ude ditferent nds of 1 norganic, powler particle

| ffe
cheni cal cOMPBRIR Bigs lopr haye hfurvesk surlage @gcthorgt i iaﬁgﬁg

them 5[ 01BRE «AliHRaHY Baéehgo q9Hoeh 6@ MyStief 1dyieeed mmmactmﬁ@tmwhoﬁaa@d been
descri bed, .t he saqﬁ iﬁ bg.max of i.ll.us ﬁtLg and exanmple only. Therefore,
t he presen@qrﬁ@éﬁt BAPEE HH i T“P?ﬁtt“é'&affib’ “4bove- descri bed enmbodi nent s
and tihe abloneslieFhe isotidifbab odsa @0t docar gots hacepd ity eompletalyi addleds HRorl

Toi nvent | R RISSH A TR PEREFE BT BRA0 G et stRBBIREL P ur e
accordi ng ﬁhattdmerqxpeadnttomventelramallmfathl&ioéidbﬂiei tasa20i eActhlrhagh hedels a
shock abs%%nl%t ?M@&%Erd §6li<ﬁﬁehtw8ﬂr2f‘?haﬁ’é‘&&x’r&éﬂcﬁ{dsytoagﬂ%5@19%@&1? by used
in a transportati on such as an aut
the solidified case 20. Each of the solidified walls 21 and 22 may be in a
20 grid shape including a combination of a plurality of rods.
[0129] By the manufacturing methods according to the first and second
embodiments, the inorganic powder particles 31 are melted by the electron
beam 510 to manufacture the solidified portion 2. However, instead of the
electron beam 510, the inorganic powder particles 31 may be melted by a
25 laser beam for example from a CO2 laser, a YAG layer, or a semiconductor
laser. In short, the inorganic powder particles 31 are melted by a beam
and the solidified portion 2 is formed.
[0130] By the manufacturing method according to the second embodiment
(Fig. 26), step S801 may be carried out before step S8 or step S8 may be
30 carried out after step S801. More specifically, a sintered portion may be
formed first and then a solidified portion may be formed. In this case, the
sintered portion 3 is connected to the solidified portion 2 as the sintered
portion 3 and/or the solidified portion 2 are partly melted.
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15an airplane, a ship, and a train, and a nedical inplant. CLAI M

1. A shock absorbing structure, conprising: a solidified
portion formed by dissolving a plurality of inorganic 5powder particles;
and a sintered portion fornmed by sintering a plurality of said

i norgani c powder particles and connected to said solidified portion.
2. The shock absorbing structure according to claim1l, wherein 10said

sintered portion conprises: a plurality of necks formed between a
plurality of said inorganic powder particles; and a gap formed
between the plurality of said inorganic powder particles. 15 3.

The shock absorbing structure according to claim?2, wherein said

sol i di fi edl038ii i The pbwlityedf inosgsinidipbwsler quabiclesndl vaedi aseardinety gar ti on
5 stored £kiandaconRaa! EhtanaRhe 04} dhtlR @MfentOkinds. of indroabhe
shock absorbing structure according to claim 3, ierein said solidified
portion fupewder pewpiclesewithy diffprantt rherigall caBpomHORs Sl d1avei thed

case; and ggme chemical composition among them.

5 [0132] Although the embodiments of the present invention have been
described, the same is by way of illustration and example only. Therefore,
the present invention is not limited by the above-described embodiments
and the above-described embodiments are susceptible to variations and
modifications without departing the scope and spirit of the present

10 invention.
INDUSTRIAL APPLICABILITY
[0133] The shock absorbing structure according to the present invention is
applicable to a field that needs a shock absorbing characteristic. It can be
particularly advantageously used in a transportation such as an automobile,

15 an airplane, a ship, and a train, and a medical implant.
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a plurality of storing chanbers provided in said solidified case and
25partitioned by said solidified wall, and sai d shock absorbi ng
structure conprises a plurality of said sintered portions stored in said
storing chanbers and connected to said solidified case and/or said
solidified wall 305. The shock absorbing structure according to claim 3,
wherein a plurality of solidified portions are sequentially |ayered by an
| ayer ed manufacturing nethod, so that said solidified portion that stores
a plurality of said inorganic powler particles is formed, and -
said solidified portion thus forned is heated at a sintering tenperature
| ess than a nelting point of said inorganic powder particles, so that said
sintered portion is formed. 56. The €hadM@bsorbing structure according to
claim3, wherein a plurality of shock absorbing portions are sequentially
| ayered by an | ayered manufacturing nethod, .. _ each said shock
absorbi ng portioh cAmbetkebserbipgisgryataee, FemHTERLEDr med by irradiating a
powder |ayer made ofiaded YartiohY fRi&RILY HRADEAE Ca PIRLNUST oP3RbIGIs Wi th
a first beam thereby dissolving a first region of said powder |ayer; and
a sinber edP%d‘?liE%rtF ?%rﬁ’dldoy irradiating said powder |layer with a second
beam having a flyepaRrédyertibAdbrmbatbykigaridgld pird@arof doti@riabyganic
sintering a sgcond rﬁgiondof sai d ,po e% lﬁﬁﬁw different fromthe first
regi on. 15powder particlespnd crppgctedtogaid SO TIRd RATEOR cor ding to claim 1,
wherein said inorgani c powder particles are made of a netal.
8. The shock absgr bj tructure,accordi Q -, 7, el k
solidified port i%‘n Jﬁgg s?}?gﬂsgﬁ%orgb%c%wﬁgﬁé ggﬁ%@é{%o@ é\g’lg gi n eersﬁ‘gtkjIEj
10 said sintered portion comprises:
a plurality of necks formed between a plurality of said inorganic

powder particles; and
a gap formed between the plurality of said inorganic powder

particles.
15
3. The shock absorbing structure according to claim 2, wherein
said solidified portion comprises a solidified case, and
said sintered portion is stored in and connected to said solidified
case.
20

4. The shock absorbing structure according to claim 3, wherein
said solidified portion further comprises:
a solidified wall formed in said solidified case; and
a plurality of storing chambers provided in said solidified case and
25 partitioned by said solidified wall, and
said shock absorbing structure comprises a plurality of said sintered
portions stored in said storing chambers and connected to said solidified

case and/or said solidified wall.

30 5. The shock absorbing structure according to claim 3, wherein a
plurality of solidified portions are sequentially layered by an layered
manufacturing method, so that said solidified portion that stores a plurality

of said inorganic powder particles is formed, and
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portion. 9. The shock absorbing structure according to claim 8,
wherein said solidified portion and said sintered portion are nade of
titaniumalloy. 25 10. The shock absorbing structure according to
claim9, having Young's nodulus from10 GPa to 50 GPa. 11. A
met hod of manufacturing a shock absorbing structure 30 conprising a
solidified portion formed by dissolving a plurality of inorganic powder
particles and a sintered portion forned by sintering a plurality of said
i norgani ¢ powder particles, conprising the steps of form ng a powder |ayer
made of a plurality of said inorganic powder particles; formng a
solidified portion by irradiating a prescribed region of said powder |ayer
with a beam andsalilssolidifief spomdidmortgeniforipeddes beateidclads:a Shateringg a
new powder f i |44 |5 | Gl on
cai d povdel AR (haR £ pHRR Pl Bl i A0AR G, PAIRE AR B2,
sol i di fi edthadraaiidsndpred pavfien is@ramesk escri bed regi on of said new powder
| ayer with a beam formng a solidified portion made of the
plurality of said | ayered 10solidified portions and stqring,a plurality of
the iforgani c podtde %éﬁPF%ﬁ§§°9Vﬂ@Eﬂ€H?ﬂﬁﬁ‘gﬁP lpgfﬁkaﬁﬂns’éﬂgﬁﬁﬁn§%id
form ng Stﬁ]iﬁ;raligkbflghéuﬂ aB&irdis® bbetidnearPesduiconidlyomysaéd bpemdbiyer@y er ;
and form ng sai.d sintere rtion by heating said taken out solidified
portion atg@n§ﬁHF@FVﬁﬁmFgW§£rature | ess than a nelting point of said

each said shock absorbing portion comprises a solidified portion

formed by irradiating a powder layer made of a plurality of said inorganic
10 powder particles with a first beam, thereby dissolving a first region of said
powder layer; and
a sintered portion formed by irradiating said powder layer with a
second beam having a fluence lower than that of said first beam, thereby
sintering a second region of said powder layer different from the first region.
15
7. The shock absorbing structure according to claim 1, wherein

sald inorganic powder particles are made of a metal.

8. The shock absorbing structure according to claim 7, wherein
20 said solidified portion has the same composition as that of said sintered

portion.

9. The shock absorbing structure according to claim 8, wherein
said solidified portion and said sintered portion are made of titanium alloy.
25
10. The shock absorbing structure according to claim 9, having
Young's modulus from 10 GPa to 50 GPa.

11. A method of manufacturing a shock absorbing structure
30 comprising a solidified portion formed by dissolving a plurality of inorganic
powder particles and a sintered portion formed by sintering a plurality of

said inorganic powder particles, comprising the steps of:
forming a powder layer made of a plurality of said inorganic powder
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15i norgani ¢ powder particles. 12. A nmethod of manufacturing a
shock absorbing structure conprising a solidified portion formed by

di ssolving a plurality of inorganic powder particles and a sintered
portion formed by sintering a plurality of 20said inorgani c powder
particles, conprising the steps of form ng a powder | ayer nade of
a plurality of inorganic powder particles; formng a solidified
portion by irradiating a first region of said powder |ayer with a first
beam and dissolving a plurality of said powder 25particles;

formng a sintered portion by irradiating a second region of said powder
| ayer different fromsaid first region with a second beamwi th a fiuence
| ower thanpattatlessf said first beamand sintering a plurality of said

| ayer provi ded vicrRiag iy SRUTALEHRELRG By QEMARNIR o PealiB gl
form ng sataldsBpwdprilsaepovithos heamsanad siisselvaes rﬁ?ﬂii’é‘ﬁr%‘@lﬁ BaVAehew
powder | aygisti@sdl form ng said shock absorbing structure
compr ' SB1< o Lt ed Rorlkge, e o, g BUCal B! BYSLED
| ayered sipéwdedppidle®os sayd pendat ing rymiothdalywithngid tsefdHivd saittbrf or mi ng
steps. forming a new solidified portion by irradiating a prescribed region of
said new powder layer with a beam;
forming a solidified portion made of the plurality of said layered
10 solidified portions and storing a plurality of the inorganic powder particles
by repeating said layering step and said forming step;
taking out said solidified portion from said powder layer; and
forming said sintered portion by heating said taken out solidified
portion at a sintering temperature less than a melting point of said

15 inorganic powder particles.

12. A method of manufacturing a shock absorbing structure
comprising a solidified portion formed by dissolving a plurality of inorganic
powder particles and a sintered portion formed by sintering a plurality of

20 said inorganic powder particles, comprising the steps of:

forming a powder layer made of a plurality of inorganic powder
particles;

forming a solidified portion by irradiating a first region of said
powder layer with a first beam and dissolving a plurality of said powder

25 particles;

forming a sintered portion by irradiating a second region of said
powder layer different from said first region with a second beam with a
fluence lower than that of said first beam and sintering a plurality of said
inorganic powder particles;

30 layering a new powder layer on the powder layer provided with said
solidified portion and said sintered portion;

forming said solidified portion and said sintered portion with said

new powder layer; and
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forming said shock absorbing structure comprising said solidified
portion made of a plurality of layered solidified portions and said sintered
portion made of a plurality of layered sintered portions by repeating said

layering step and said forming steps.
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