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of Fatigue Behavior of an Ultra fine-Grained
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AR ML T IE, BREOLRLCTHULEBMT I LATNbLHLN
FEETHD. RIFICRD, ZRTOBRMNEEOR LB BEORER R ETEN
HAE SRR BRI E SN TWS., BHAERRMBZELFEO—2L LTH
FHULUH LML (Equal Channel Angular Extrusion : LELF ECAE) #5233 5. ECAE
HBIX, SN ROKRBEHFHICHLERTELRREEZRO L LMD, AFHFEOE
NiEEEBoRET oA L LTHMEFEN TS, LA, ECAE ER DML
BRI L > THE LN BB SR ABRIIFEEHEEZERETH Y, BEHERFOE
BTOEMIZIVABICERREZAL, BEROEENMET TN TIN5,

FE Al BE~PED Sc (RAVPUL) BEMTHILIZLD, BEFELLR
FFAZLBBFEEATND., ZOMEDEFITALSc BOMMITHICLZHOTH
D, FMTEOCERTIY =Y OE{LEEHD L, Sc IRV TEDZRBRE.
F 72, AlSc WTHAITOHRITED TEL, AlSc RIFHHDHDORDIRET,
BAIH) AT AEIEAY Al B4 TH B 2000 % - 7000 RE S OEFCABREIC HET
5. ®EoTSc 28 Al BERBETFOERA A& LR L TRV RIERELZRD,
BOTENTZ ) —FRBEE2RT. E612, ALSc BT ORBIIBITAREMEDTZD,
BREA AEOBERBEEELRBEMICEF SEDIZ LMo TVD. 1T, AlSc
RIF DRI AT AF A e EF =L LTELL 2D THSD.

KHFFETIL, EEERRABR DAV Al-Mg A&IZ Sc ZEm L 7=3EHT ECAE M %5
L7= BB E i L, MRS OB T EMRI oW THRBFICERICRETT
BELHIT, BIEBIUVCEFRBREZTVEBNSEOTMZT o, EkEmok
W, BED Al-Mg-Sc AEERHRBMOEFEGHEPL L LHRHEEORE LT
7.
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1. BEBHMRESHEED Al Ne-Sc EEORAREME

ECAE #£&i1%, 1T T ISR LHEREESED, AECTREH L TLE» LA
MAEIET BN, TRLLF ¥ U RAUERITEEEO LR OEBZ AN TR N
CHE LT D Eic X ) BHEE TRENICEANOTHZEATINIETH D M.
ROEWAD LAIEE A TREOHERRIED bRV L2 n, HTEER
BEAOBIZANDZENTE, FAMOTABELIIMA NS, BYERLIKD
BEAET I LI LV RBHIROTANERE SN, RRICBHERERMARERD Z
LMTESD. ECAE B, A7 ROKRBEMIZHBEATE DHREEZHODIZ LD
b, HEEEOEREEMBOEE oA L LTHSFESRTWS. LAL, ECAE
MR ¥ OMINTIEI k- TE LN BEME SR ETHERERETHY,
MR OERTOEMICL VB CEREREAEL, #RHOHEIET IO L
BHILATVD.

TRETICM Al BLU Al 44 0FRSESICKITTEEORMITE OFEILF
LSBNLNTHEY, Sc OEREBEREMIEDRTILAEATNEY. Zhid,
AlSc AT HHRI T ABLRBENC T HHE DA e EF—L LTH D THD. #MAl
DERERCEREFTEEORITETROEELREON TV S, Sc BMDIFRILEK
& A TTUVD. Al-Sc @D ERRETIBENEDME Al 0B LLEEBEEL L,
FAEMEIZ L > Tik 873 K BLEIC AR EVIHELRENTND. IR ODHFH
b, Sc AL BT LVERENSERERED Al 64 L L TOTREEEZF-
T B, Eir, Al 40T Sc RT3 7 LT X YV B SRR O BB EHE
NEEBERDL VI ELHEALAICERTVD P, A1-3%Mg—0. 2%Sc &€1T ECAE /N
T8 LB 0BEMBEATFEEINTE Y, 550K = THRERERRARRESN,
Sc AT & ¥ iR SR O BB ESENRE<MELLZ EBREATN D,
Lasl, BAGEBIRITRYT BEBE LIt ) BRESED & ALSc FFHAE O EBROR
ERHRED AN = XA EFEMIAE L REFIITEALRVOPRRRTHD.

77T, AFETCIIBESMESDEDOS Sc FLHEBHARDE Al-Mg §&IH
AL, ECAE #EIC L 08 bR @l SHst et 2 AV T, BHBRIZR T DRRE
LB S RBOHEBEEIL Lo THAEETS. S0 IIBAARZEITER



HFE BB OB EEHIZOWTRHT 2 Z L2 BHNE L. B, BRLEE
EBHERRBERIZH B ALSc R FOHRACERIOWTHBE LN, FOMRIEIFES
BEOREFELTRT.

B R E O EMEROBRENL OB ONEHERERIZILTOLICE LD
B EMTES.

1. ECAP INT7# DNERAEE:

A1-3.0 mass¥% Mg-0.2 mass% Se BeNEMEY, ER 10 m, £ 50 mm ORER
FZEIVHL, 883K, 2 h L THEELAEBEITo. BHAESAHEBE /I =D
IZ Route B, F ¥ > R/HA 90°, Spass DE{4T ECAE ML %M L7-. ECAE JIL%®D
REAEIZIE, X2 @) IR T LD, FEHREEN 300 nn DIZTFEK O BIHE
FRRI TR S L7z, ERAANOEMEEIIEEILEL, E{OFERAVPHEEINS.
2. BEBiIZ L BIBEEL

ECAE £ matEHE, 573 K, 623 K TEx OB FITo7-%, EHBITKkAHRIZE
EFAN. BESLICHEOES LEREOE(LER 3IZAT. 623 Kz Tid, 7
A3 1 min OFESIZ LY ECAE B#OMFSEREICE SIS TS, AFRHMEHELY
EHESERRITN 3.5 un KARMELTEY, BAOETRBERIZLIABDEEZ
3.

B2 & 3hb 573 K OIS BEAELIIRO L IICKEL 3 ERiCaT5 T
EMTES.

(1) BESLFIER (~10 min) :

FE XX ECAE #DF9 2/3 BEE THA T2, FRANOEEENKE<EHIL,
FERBIERIT 600 nm BE X THRET D, BEHTHER CIIGMNEBEE OB &SRO
AR IZAEVVEE S A5 5.

(2) Sl (10 min~3 days) :

BIXEREL, BRBRORRIKIZEA LR NV, Z O, Fakin, RALE
& HITERM e AlSe FTHEIFABEINT. T2bb, BXIRERA~0OHMAR
Al,Sc MDOITHIZL Y EF L, BRAFITRIR LD AlSc RIFic L - TE kDI
BT, ERADKERITBRMFEEND (K4).

(3) HE#fitcHd (3 days~) :

Al,Sc FTHEOHKRIERENEEIN, BEOBEP LREEROKENRONDS. &
BRI & AlLSc RIFEDEIZIE, K5I T Lo, BEREFRNBKD L. FHREBLO
mE#M§c@%é_iDiﬁéﬂfhé_&mﬁam&tot.




3. BEHEES

573 K Eastic BT 2 TEMBE L Y, BREOKRENEZ 5 BRICER SO,
BEIIRbNL T, BREEBHOEEL LKEREORENEI2RFE LTE
EEERN DO, EHEFRELICBVLTIE, ThE TICHEiHag L st nEeE
BICKEREREIIRWVEVWIRERDHS. AFRIIBVTHRERROMEEIIERE
BRICLEBLOTRARVNEEX, EEHEBDOAIEZITo 7.

X 6 iz, ECAE #1732 b UNIEMM OEABBAEHREEZRT. BEICH L TEES
MAMLELFATHS. BREGHANER I 623 K FERitMicik\ T, #HEHR
LB TESEBNRRE T LTHWA I ERbME, —F, 573K Bl Tl
EWM®&E#ABnRMﬁ&%&%kkwT%,@%ﬁ%amﬁbfﬁéﬁ%L
KERPFMBIZE LNV, T, 573 K BESMIBW T, BRRORKITERBTR
BIZEDLDTHD LEHFETED.
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2. Al-Mg-Sc 8D #MAYFHE
2. 1 Al-Mg-Sc BEDEY 1 7 IIVEFES & HRMER

Al-Mg BRI B L, BEhfeEEE-oiy, EHEEHME L LTAVLH
TW3. LaL, BEQOKTIHEMRILE Al 4 ThH5 2000, 7000 ROESE L
BT 5 EE LR, HE, EEAL 58~ PED Sc #HRMT5Z LT, AlSc @
WHIC X VBERE L EE T3 28R EINTHNS. Al-Mg §&IZBWTH, Sc
TN & 0 THEEEZER D 2 L2<, LEOFHMRLE Al §& L HERVERERE
BENTWD. MEATBBEORE, BEh-mEBERIBEHSH, Al-Me-Sc &
SEIMHEME - MIERE - BEESBERSH S ESEERMF, L) bITMERER
MEE LTORERSFEIN TS, EREEREHE L LTREASNSEE, B
MOBS L VEFHEEZMB I LIIEEBICEEL RS, LaL, HBIE Al-Mg-Sc &4
DEFITETBFEFIIETICORL, FAREHRMMOEFEEEEEL
WETFETHD.

FIT, AETIE Al-Mg &% —AIZ Sc ZIRM UK Al-Mg-Sc &% HF\ T,
AlSc ATHOSERIEEZEL &Y, EHEHOREZIT S . HFE THEREAARED
BEZITY, BEFEYH LGMERORBRRELZEESTEEL, TOBRE Al-Me
TRFREELUEBRFTAILEZENETD.
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2. 2 ECAEMI#FELT=Al-Mg-Sc E£DHEHMAIFHE

BE E TIHRE Sh TV 5 BHEAIE Shdr e ORI OB FERNT, AL Cu 22
EDMEB»H B WNIT Al-Mg GEBEEEREV. Lo, SESicqe S Al & #
AR O EBGRE ST L e RSB E A YAV, AETIE, ECAE 5T
1B 5 T BB AR RS ST B EF > Al-1. Omass% Mg—0. 2Tmass%Sc &4 OB S = 71
4 %7z, ECAE MNTHBESI L 7= 3Bt OBEIHEE & DOLEBREZ1T 5.

RERIZLToL > BRSNS,

1. 5|aREAER

ECAE#1% 623 K TSI L7- & %, 30 min THEEINE—ZIZEL, FDO% AlSc fiL
FOEKRIIZ X VEEBES L. ECAE # TR RO&E 134 900 nm, ZEEET
w2 51340 200 nm OIFIFEER OB SRIARD b, FEHFRORS L &
IR R IIRAITHEL L), EF0oBERITEE b o7, ECAE #f, 623 K
T 30 min, 270 min FEHMOEH—OTHERER 1 17T, £z, BohER
2ELHTE 1 ITFT. ECAEMITEESIAIZ I ~, BRIGH, IRV MEBHEWA,
BREELICRyF UV ACEBEABETEZREZT. Lal, Szt 2ic4Y,
B~ UNKIBIZHEMNT 5. F7, FEHMIREE T2 TOMUR ECAEHDIZE 2
RN
2. BIIERERTE DM
. ECAEM TRIZEWFRIEZICEW TEICIIRE EWVIBE IR -7, 623K, 30
min BESIA CIX, BEEBIOEIEA ECAE Izt _T/h & <Aoo/, ECAEMMI & HE L7z
Al-Mg B&ICHBT, SESICEWVIR L LEhc (T m CHRE XN 2SR OB A
INEL B EVIBRERDY, AFEOERE LI KT H. FEWICIEER
BiC B LN BB OBRIIC L 5%y U/ BEAREShE. L, REBR%
ER( DIEEBNASRIFNICHTHE L7z Al Sc BIFiC K » TRl Eh, A —Izofm L T,
270 min BESLAT LFREREIZIT 30 min HESEAT & RRIC, RINOBNEENL ERL, 7
HRLFIZ L A EBER O kD OEFREEINE.

3. (%A 7 VB

ECAE #f, 30min HESHLAF, 270min BESHAFDMBHEUT e, =1 X107 (281} B4R LIE
fbE#EEE 2 27T, WTFhOREHIBWT Y, REBEBER 4 TS IRES B
L, —EQHEIZETNTS. ZO%OX 672 58KE LEOEINCEEWE RIS
WD L, BAONREFSR(CEEN LR LIERTIZES. 30 min BESIATIT, REARIEAS
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s L, —EOEICETT S, 270 min BESIAT OIS IEBIT & DRERICEWT
t, 30 min BESEAIZHAURVMEIC 2o TWND. iz, EEHLL HICEFFEGRE 2o
T35,

— I DT RIRRSIE S RE (B4 2 VEFRERE) KBV T, BHFE
S LBEVRBIIBIAWEBOENLICHBT D ERMbATVS. FI5ERIHA
ERDFER LY, HEHIC Lo TERF A ZVEFEGOEENHRFSALY, EBRITE
BES 26 Lm0 B A, BEEOGNLDLVIKRILRoR. SEIDOHE TITE
FHAEEDNEHBEOBEL T CVRWED, RBREREZHAT I B TERY
B, SEBEHOTHEEEELSEERIRBETY, I CASBRROBRREET
S ECAE # - BEBIM OB HEBEEE L TV FTETH 3.
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Stress / MPa
ja—
O
&

X1

«——2SECAP 30 min annealing
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as ECAP

4
\ 30.min ann

ealing

i

N\ "

270min annealing

0.01 0.1 1 10"
Cumulative plastic strain

X2 ECAE#H, 623 K T30 minBeSitt, 270 miniEstitt o
£,=1 X 1031251 DK LR AL Bl AR,
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