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Shape Memory Alloy Fiber Reinforced Aluminum Alloy Matrix Composite
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Riso National Laboratory ~ William D. Armstrong **

SREARICHRI L7 6061 &%=t ) v 72k L7z NiTi BRERASWMHERILEREEEMH (SMA-MMC) 35E#EA
MEE L TEN AR L T3, MENERERUEL <M v 7 2EBOBIESANBEEOWMELEEB L EERy 7
VAL TEINZ LT, REREBRETCH S, MITEEEREAREUSRARICLD, HAMBL 2%icd, 8BE
MEHI R E LERERDIELZET LI L 2HAL . b2, BREESHRICLI<M Y v 7 RICHEEI NG EREBB L5
EREzd25TE35a027 4, SIRRBRICEVELET I L L LI, BREMBICEEINIHFHENLIGN-V T AL
BhER AL 72,

A 19.5 volume fraction 50.7% Ni-Ti shape memory alloy fiber reinforced 6061-T6 aluminum alloy matrix composite
(SMA-MMC) was developed with unique characteristics. Vacuum hot pressing was successfully accomplished by consider-
ing both the memorizing treatment of shape memory alloy fibers and the heat treatment of the matrix aluminum alloy. The
resulting SMA-MMC materials showed good compatibility at the interface. The shape memory response of the NiTi
reinforcement was confirmed by measuring the strain behavior during free heating processes in bend recovery and uniaxial

thermal mechanical testing. The proposed concept that higher strength would be achieved due to residual compressive stress
by the shape memory effects of NiTi fiber was confirmed experimentally by tensile testing. The unique stress-strain
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behavior of SMA-MMC was also demonstrated.

1.3 A » &

A, BRoBESNEbozoc, EEER ECBERILIC Y
PERNETETHL>TEBY), SEMHOERAVGEZREL
ToTwb, FT#EMEDAEL TV HREE +2IcEDL L2 -
Wi - Bigh COBARICIE, L WRBICEDS (HRRRASLE
ThH5b. £ T, FRTIE, RROGLESHETH L EEERE
## (MMC : Metal Matrix Composites) IZ2WT, T/ I =
TagEEer )y 7 RE LEBAOREERT A EKREREE
(SMA : Shape Memory Alloy) % 3&{bMkie s L TR/ MMC
DRRRERBRIC DV TRMT 5. BbEDTRICEHRICL ) =
FU oy 7 ACERBREIE T S LBER L HEELTE), £
DA T ERE KT S LI, FENLBERELZT
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WA 72, SMAMZ, BETHLHR - THEIZLTWRb0E, &
BlioBwW B igc, BUrEE2 AR L, EERD
T - SHEICR S & v ) BMER LT 4 FERRICED
Wiz “BRERMR" 2ETE. TAI=TLAEERIY v 7
2 & LT SMA MM % & A 12 HAMBIZOWT Y, FAROEE -
ERBEL 52 5 &, FEBICEAMEHO SMA #i#i3 TOE
2ETHLIET S, LrL, SMABMEERO<L) v 72
ICHEINTWEZ S, TOEE I TIRIENT, BEIICIT,
2} )y 7 ARERBEICHPRET 5. Tk LMEEO
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EHRBRBIETCBEAE 2 RET 2 4 9 = XL %2RT.
Mechanisms of strength improvement and crack arrest in
SMA-MMC
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3. REREEEHMIE MMC DStk ix

3.1 RZERy b 7L REDIRA

IDEUH LR OBERER, TnFTIIrAMLN
TELT, ABRTIE, T, MEHFEORRICEALE
FCRERENHE—OREPIL, MTALI=Y2%=2}) v 7
2L, MESHEETHEINZ NiTi SMA-MMC 2343 2 4
DTHBD,

AR TIE, B2i2RmT L) nEERy F 7V AERZRAT S
ZEicd Y, RENESREIFHMLRLT L), BEEOSY
17uiliEAL, FEREBORELEAMN%2185 2 Lo ThE
Eofe®, HERy PV AR L ZFIRBR2ICRTEBY
THa5, KT, SMAB#ES, MBCPYREMITLBEBIXES
BXEZ20.3mmANTNI=T A —MeEFHFAICEE DT 5,
ZOB, OIRMBIN—TEvFTNTBEENIA7 (A
F47, BZA7) O¥IRfF— )+ 2EAL, KEICHEERS,
ZNE)BTRICEY, SMAMMNRERE, 7V REXHMIC
FHLTO4mmBES TR T2 2 20 TWHEE oo 72, Bl X,
SMA HiMEZ BN T NI =70 —F %, BEHLER* %A
LETESBOR Yy } 7V AN F 4 ohiciliEh, SinEZEdic
BWT2000kef RENHETEMHET . Ky F 7V 2T 40%
mERMAMELL, WM HEHTI L ERLY. Ky b
TV AT Ar FREFR LD, FA4REE» LBHLE
LIZAKBANEERT 20 X ORMAELEL 72, B, RESE
FENGHEEL2 3> bu—nT500iC, ke FP7LRTAD

2 kv bFLrEIZLE B SMA-MMC D 8LE
KRELEEERRLRMEL TR E T2 HZT R
v b7V R
Hot press processing route used for manufac-
turing of SMA-MMC

WERIC W EILE R 72, Bk, ZRAFNSE, BMAELC%
ML, REHFICIMILZ.

3.2 HFZMEORE

ERHN YL SMA-MMC & ¥ 572612, BIREERMT SicS
AENTHIHRN 6061 TLI =T ab8Esk~r ) v 7REL
THRALL., Ak, BAEIESETH), SLICHELZER
T BB LB BRI OWT Y, 2000 RUT7000 > Y — X3
EOWHEEII LEL W, F, FEREMIBIFTHL. b,
6061 A& I3 ZEIIBESETICB W T IELY 7%, SMA-
MMC DS RERFENERIBEZ I L2 L W AELET 3,
SMA #i#t & LT, BEMEEIEN, 2 5I2iEWREES
REFT S NITIi A8 % — R 2 REROEE PN H» 5538 L 72,
NiTi &&i3, NiBEVE 42 L AEREEMEC 2 2HA%
ALY, BHRUEBBORREZEHICTHLEE2L1550.7%
Ni-Ti &% HRAL 7. HEAMEHIER 190 um DHHETH ),
HEGEMERET60614&~= 1Y) v 7 XicERA L 72, SMA @i
IR ERE TR AN, ZORETIIFIREEIEL,
T E LV, F72, BHELBREESRERZREI 2V, 2ok
9 7% SMA @i#nTEREEM R ERABE L/ - Lok Dk
THIENFUETH 5, HELER, NTid&ico>w T3
450 'C, 30 min RIFRRENGFEH TEBT 2 = L " — R TH 5 27,
BAMEE L THERAT 2B 4nREAEL, B&b7otR (K
v F7TVR) Boe )y 7 2AEROBERMEEELEEL T,
550 C RE TEMT 5 LEV D 5, L, NiTie4id, MEE
SFBEOBRE LA & ) EREESEBLT 50T, BABREE
BEICRS U 72 BliZe SMA-MMC 285832 Z L AR TH 5.
SMA Mi#E R 1F 6061 &&=+ V) v 7 i3, 16% HNO;+1%
HF XBE#HEPICBWT120s HooBEEME L2 L Thy P 7L R
gL 72,

4. FORECWZNR R UMMM IR OREE

4.1 BEHRICL ZHMREEHRREE

AHRCHEL 27 oL2ict ) E#E L MMC 2 HEICH
2723 DI > TV EDPEPEREET 5 7261z, KRR TRk
REBHHELABE L L TES 1mm OEHRK D MMC 2 B
WiBITERRERBRZEBL 2. SRFEZRNDEBY) TH S,
Molz, BB % —195 COWKERFIC 4min BIREL, =4
HIFELZ &HL, BMIFER252 5. 20, HAENSLEME
ey b5, RBEZREPICHEELSEESETRELLE
2, FANTH#HLL2FRICEEL 1h T 160 CEE X T#d
5, T ERORGIIMBER OWHIP & Lk L TEBT 5.

—f#l& LT, SMA-MMC ok EE#EREICRITT 7w 2%
HOMRNHERL 7' 0 L AR E O EHENR LRI T 2 2ol E_
L-RABRERLRICEET. B3, &v 7L 262 SMA-
MMC s EICEIE L 72 8ExHC & - CEH L 72 8T 3B A No.
7-22, 8-4 RU'8-5 N7 u L ARDIREEILEZRT. FRBE T,
Ry PV ABICAr FRBHIC LV BEREZ 2 Fu—nL
7z. B 0 min A7E T 2000 kef DFFEL BEHL 72, Nos-4 &
UF8-5 DIBERIEIZ, No.7-22 & 1) Y IBEIZHERE TR v
F7L AL TS,

R4izidmy b7V RBICER L 2B No.7-22, 8-4 RV
8-5 I 2MITEHRBERBRAER 2T, FNFRH, kv b
TvantE (T0) , kv b7V 2RI EER{GLEE R B A N
ME (STQ) , BEFEILE (OA) 2HL 2&ETRELL (—
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Comparison of processing time-temperature condi-
tions for bend recovery test specimens
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Comparison of displacement behavior for bend
recovery test specimens
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BT RANIC L 5 TH 2, BEHIZHITERRERRZE
ML 7z, BEESEMIZ245°C, 24hREBFETH 2, KIBETEHEZ R
BITERZ, RBRABED A, 30 CEED» 5L LT
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Hot pressing time-temperature conditions for ten-
sile specimens

4. 2 SIRHERIC & ZMER LIHPREE

4. 2.1 HRMHEONE

3. 1ECmRzHEIR LD, SMA-MMC o4ttt % 8l4EL 72,
Fiz, WBolzHic, EB—&BICBWT, 60614&<r) v 7
AERICOVWTHHEAMEEEL . Ky 7V ABDBEEZEL
EE5 (BB 3IFENT vy }) IZRTEBYTHN, SMA-
MMC iz 2 Tt 2000kgf DHE T, 60614 iz D\ Tix
1300 kgf PFHET, BEHicBW T 7L AL, &y F 7L 2
MBOKT %I, BEMEZNBL T35 4 2EB» ST,
EbICAREANL 2%, 52 4 BRZETREL 2. 204,
179°C, 8hDEHTTORMUEBLERL 2. Znk5i2L T
HIEL 72 MBHITED NI WZ e b, —BRILSIRRBHN 2 1E

B3Mmm DI =F2T5RRBEE % 3ARERL 2. RIELLR
B o) SMA B HEZERNEIC L > THEH L, 20.0, 19.3,
19.1% L D¥EFEE1572.

4. 2.2 FIERBRER

BIBRBBIZI AN L S HFIETERBL 2. |, 25C ity
T6%DERVTARE R 72, ZOBREDVTAEEIL2.2%/
minBETH -7, 25 CEIRAMOBRBICHES 0 F THRIL,
RKBR 7 o TRBHRL 2. BRFE%S, IR T iz 20 min
BREOHEZ T2, Zotk, BEHWROKEBT, 75°CE 2T/
min DFAERXFETEHRBEICE OMBL 2, MBKETH BE2
BCIeRL, RBA 7Y v 72 FURHT, 5 CCHEE TR
Lz,

E 613, 25 CRUT5 COFRATPICHBL 2BH-0 T2
BEfRDEMEENSE (BFMEIENTa vy }) Thb, 25 CEIER
fiFiciz, SMA-MMC i3, &#, "“EBOBREE LR 2.
2N, VolzA, UTABIMEREZRLzNL, ENZ ) B
FTH20TAEEHLZRLED L. & 5ic, SMA-MMC»
75 CRERIG 1% 25 CHRETOBMIE IEICHE L TEL { &Ew
EDRERLRL T3S, —F, 6061-T6IcDwTid, 75C Mtk
EHIE 25 C DEHIGTE L D&V, 75 Cic 81T 5 SMA-MMC
DEH-OT AWM EER 2 RT. 20k, LiZs <
ENVF A LEB ERL 121k, ANV T REEL & G DR
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5, BHRRICYZE, =)y 2 RICERI N NEBESEGS
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Comparison of strain behavior for SMA-MMC and
6061-T6 during free heating process
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BHELYLELCBY, BIRRICL L, Zo&) 2EER
ki, RBBECELL=L ) v 7 ARDOKE LHEITEIEREGT
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LT EiTERIL 7.
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2B H N HREHA LI - U T AL EE 2 L 2.
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