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Harmonic Structure Design for High Strength and High Ductility Metallic Materials
R A~

Kei Ameyama

Synopsis: Conventional material developments have emphasized ultrafine grain refinement and homogenization. However,

“nano- and homo-”" materials do not usually satisfy the need to be both strong but ductile, which are of course rather
contradictory characteristics. Our research group has succeeded in creating a “Harmonic Structure Material” that is
both a “nano- and harmonic” material which has overcome that antinomy through the use of one of the non-
equilibrium powder metallurgy (PM) processes called the severe plastic deformation PM process. This then also
means that a whole new paradigm of materials design has been created. Use of a non-equilibrium PM process
supports the manufactured powder being deformable at low temperatures and low load in the transition process to an
equilibrium state. We have succeeded in controlling microstructures utilizing a severe plastic deformation process.
Application of the severe plastic deformation process with various metallic powders results in a complex structured
powder consisting of a “Shell” with an extremely strong nano crystal grain structure and a “Core” with a highly ductile
meso-scale crystal structure. Many kinds of metallic materials have been used to date in verifying that a material with
a harmonic nano/meso structure that is very strong but still ductile can be created through sintering the powder. FEM
and Digital Correlation Image analysis predicted that the connected three dimensional Shell network structure

prevents local strain concentration, and thus large elongation can be obtained in the harmonic structure materials.

Key words: harmonic structure, heterogeneous, plastic instability, uniform elongation, strength, strain hardening rate,

EBSD, FEM, Digital Image Correlation

1. 3L HIC

EBEMBORARDERIZ. IFUBELEZUTESE
ICIIITEDZ & MROBRBEYESENY X & HE
THIETHENHEREDFABFEEZEZDIENT
TBHIETHD, M aIUSHREICTNIL. EBmD/NE
EBRBICDENEE(TETDDT, BEF. L%
IWF—EBY ZBREREROHRERICEEMTCES, #
D=, SHREBESAEEMBOBEMRTA. SUBRE
BEHETP. U CHllERNE R DOMERNESEA
DFIEEE, WABNBBFARICLVEDHONTE -, E&R
KMiMEIE. Hall-PetchBITHISN TS LS ICEEE L
ICBOHDTEMBAETHY . ZOFEELTEMIE A
FEINTIND, LA LALS, BRENMEtEEITILDE
TEIMPOEEEIFETIIEEENEONTHEMNE
BThnd, EWDolcBESEMED ML— RATANEITON
AN

FOEOBHEEAITRI DHIC. BE. JST (Uapan
Science and Technology Agency: JEITITECEA - BHZH;
MiREEE) ICLD [EFHAERERMR OIS L]

NHEINTID, [EFNBEEHEEEMHAIREZBREL
fenT OBEFIEICED < HIESRIEDEE] &0\ DRl
T—YDEE, FHR22EEIN. EM23EEIHDGET
12EDOMAT—VT. RROFEDHRIBB TEMEINT
Do ATFIC, JISTOR—LR=22 (CBEHIN/-HEH
5ZDOEMT—VOMBEEZENT D,
[EFNEBEREBMRORRD=HDERFIM & 15
BRIBOBEDZODEREBAREZT\. SBH+E~
BEICHEDENEOMEEBDE(bE . IEEDEE
SHDHME - BILICETORREBDIEEZHBET, B
MRHRORKR 2 BRI (NTOBE) Z2BBHICHAT
S EHEEZ, BE. EM. UAM. T, WREMRS
E. BEREEMBICEBEINDEEEDRENLNE.
S oTIE. WERITEILHREE T H DI BEDHEEEZ BRI
B LT DR DOBEMNEMIEET BREBRERIT D,
SETHEBZE. MHIZOMEDLERLT ETORYHEA
HBATFRCEEMM. BNSIEEREZEETEDM
BIMGERERMALHET D, £/, INOORENE
KMICHBOEBILICEMTE DL D, BEREMAREE
DERXE [EZHE ORERZEREBRMTOHES T

* IMEEAFETFE WHIFN 2R

Sanyo Technical Report Vol.20 (2013) No.1



[CHEBRICRER L TV,

INFTOTODIOMNEEREBYIZ—-OBDIE. KZE
DOREMARBEEICLOMARREEERNEATEDX
S, ARDZFITHIC [E] & [F] EHBERIIRRTREZ
722 [EZHBIDIZ] EWDST2Y N I74—L%RITT
WDRTHD, [E]l oDBEFERI ANLHL S, XKF
D REATBRBEOMTEBEN AT EED TNV,

ZOEDBEEMT—VDEET, £EIT [AFEBHE
ICEDEHFHNZHEZE I 2EBMRORIEE ZDH
RIRWBOMRE] CELET7OD IO MNAREER22E
EhSiaLiz,. MRASEEBRFEMICHS IV aATOEE
FIHIC L DEMONZHRE (FREESEMOEL) 28
TEOMBBIR, i'T—VYThd, DI, BONHMEZE
MABEIMIZ T TE LNV EORF L OGEESIEIICE
EDNU RN O BIRICERTDMRICE O —EBXEH T,
SBMBIBERIC/NSIALY T M ERIT IO BIFIEER
BEBRIDIENNDNTHD, flzld. GAHITER
MHEOERPEEABRY D L THBHTEECTHDH . £
DEREGEDTNDDIE. TRICKEL. LI —154E
SBRPIC TR BEDTHIERMAEET D, EVWVDRETH
2, BHHERNMHTIE. ZEZE2OREN K I
BLNABEEN H D, LT ATOBEMRTIINZS
MEERTDEOICIIELRDEANBEL LS D,

Fig.1 (@). (b) 1F. 2L DHMEDEEED THES
N3 H-09 HAHEREBFNLEEREZRLUICEARNTSH
D, MRHIRARE. MIBLL. ZD%E. <UN (Necking)
ERELUTHEKICED, MIEtERI L THDSBIFHE—
B, KONELERIIBEBHEU. B ETHR2EBUOTHD,
Fig.1 (b) ICRTKDIC. 5. BROZRABRNICES
U, ESLOZA A L+dL (dL>0) ICERL. MEiEE
A+dA (dA<Q) ITRDLTIEET D, BFFIAEBEZR
BICHNTHIERBASEA T IS, ZOMEETISIEITEX
LEMZENESSICES, LML, I (Strain
Hardening. & L < I&. Work Hardening) #2222 & T.
COBFMHBEYERAEEE S SICER I D HICDE
BHN o+do (do>0) NEEMI NI, BHEEFEOD
ETZIEDDIERERD 2D, THEHE. CUNMEET
2D, KUNELERODOSIESD (o+do) - (A+dA) hH.
KONEREELLBWEZEDSIRA (0A) KUENMEheE
ETHY. ZOFRMEII.

(0+do) - (A+dA) —-0A = Ado+0dA=0
do/o=-dA/A
Fi=. ME—EZH (AL:const.). BEUOTADEEND.
LdA+AdL=0 -dA/A=dL/L=d e
ZNoDBEFRMND.
do/oc=de
do/de=o

RAGAEHIEIC L DEHE - SENEEEMMORRE

INNBUARRERH (KUNEERMY) THD, ML
BUEHKRELMRTIE, KUNRENRISTERERN
T2, N<OBBETHDOTH. MIBELAVNS
MTISRRICEMARRZEICHY) . EEAEONLE T
BLICERELDDE. MIELESY—HBUTHD. 558
BTHIEHD, WNNIBEEARLEZHSATSEREZE
RIDH. TLH5E. MIE bz CEEEHEEZ
EDQLDICLTHII DN, B [5REESEMDEIL
ICEDTEELRA Y P THD,

A
s :
- %
i A
S :

LRV T (o

Fig.1(a) EEMHD3IERARDERK

L 3

A

L+dL

Fig.1(b) 3IREERFFDBFIRIEER

2. MAREFINTE

ERNBHMEEMFAETITOAETIE. XA
7OA 7%k (MA) ®AHZHILI >4 (Mechanical
Milling: MM) JA&EBERTFEE EfRASHE - (858NN
TPM (Powder Metallurgy) 7O&X2] H'Hd, 2D
At ZIMARDMIBNIBED—DE L TEDLADIEN
TED%9, Fig.213ZDHISM & #ERN M DEXRT
HD, IUVTICKUBKRICSHEENSMIA LY., B
BOMMEAEITL T/ BREBIERIND,

Sanyo Technical Report Vol.20 (2013) No.1



RAAEHEIC L DEHE - SEEEEMMORRE

Coarse grain structure
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