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1. RERHE K

EEX RS A0 G S A T M S ) s 20, AN FTIEIE Sty Mn & & xT A 4 AR EE —AH AR
TESR AT R, oAk s in a2 o 1) B A /e e LB . SR P 55 TR 4 3 + =) s B B A RO R T R KR
JEAT B BEE B, b T SR BRALE] . JE TR IR L, 3RS T 4/ NR kg2, R L
AL BRI — SR E AR SR e R, BN T PR R Rt A S PR R AR A . B EIR TAE, A% AR
RS 651x543%134 mm, HidismfE 318 MPa, JEARGESE 262 MPa, K% 6.4% M K EREE &M, 7
SEPERER T RIZR A 4. AL, WFFEBIBNE Sk s S48 A & SR IRAR N LHEOR 7 H S T K s FL a5 N A Bl
o RANLES A TR T i mdk s S5 4 HE T/ 5G shiEs sy Ak L i =], 7 fin T
MEE S PEREAL TAE /K JFRE T & &b g RESm A H o hiE, SHEHRSE 10 KRE e
177 PN AT A1 .
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58N . R H AL S RN, EME AR S Sin Tk #E v B AL Ge b kil 2% 75k ek
ELILRI L A, G mT DR ah F S 75 5 R TR 25 TVt AT IO 5 SO BTG VA A k), Bln] B A 7
K () ERR KA RS R AR AT R, DL ] 5 s S ST R A R S AR, DL R E I Ak AT 4
TSI R AT R K 515 SATAR S . SR RICE, K BONRP R 2 BRIk AR W L S R T
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2. RAbERA

WA RS RA R ERRE . RIFPUGE RN 7 ERE, ULRERIRZME TPt iere /s, H
A, BRI A SRR AR T AT AL o AR A B AR I A S AT, )
ITAFER AL, B FC A B R 1A e AR B o & e PERE RIS . (1) DUBIE S 1Y Inconel 718 £
SHEM TG, BFFL T A F D A A FEXT Inconel 718 A4x4H43. & AHATH S MERERIRE A, IR T v
WASAR ) & AHFIFEARHLER . BFFC A P2 [ 3 AE BE AT AAT RO ST RO R rh & AT Y, i i 4 R Al
&5 R AR I AT 7T 1 KN RU5 & S A SRS ERE IR . (2) BFFT T —Fi B K A S e K
W R P AR AT, RAFRIRSE L TEE R AG  y RERE S e 7724 R RE . IR AR AT IR . WFER
B Ky REAE R 20U 1 300~600 h IRFRLAL, S25275040K,  H 3K y HEE A 40N ERIR =K v A AT, R
ke A 22 WA, AR TIREEENER SR IAIER. 3t DR B EELE 7 I A E 1
JHEXR R RR & @ AT 1 2 ROt Kol e
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HBHEEE Cu-Ni-Sn & &#R et KB XITH
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1. bR LB SR
Cu-Ni-Sn A & 7ER RO FE A a] P22 Z At AR . WERTRCIRS TR, A4 UL DO22 A A AsRAAH, 1R
BORE T, AN 5822 ARG HAE (DP). AT 585060 P AN SOIRAS 106 S T RIS, 13
S R adAL (S1) Fas IR (S2) P! Cu-9Ni-6Sn &4 4Ht. S1 B T = 58 s, Ak 1385 MPa,
SHFEN 1.3 %IACS. S2 AT &K FHEK, £]25.0%IACS, FEBRERIA 1178 MPa. (453K~
B DA K y BT AR B R R T P RH R A R KBtk 5 ST LR, S2 ZeA 4 KEF4EIR DP sifbAl, wJ
SEZEAT AR ERLE LR SR R A5 &, FRAS EAE I R AR, R T ST st ie e
E01-08
HEASEREETE S SIBOLIEM H &
RN Y, B ARAE N, LeR Y, BT kK !
1. KRR
2. JHEHERE
3. W E BB ELT TR
B ERA S B RENEERE . AR RIFRPUEI SRR S, RNT R sl o i
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T AT LASE VBRI il 15 < A P S ARG M A S A A B AR DR R, B O 2 R s L i 3 2 i
SN L. Mtk E BRI IR A e y SR ROHT R LR E T A B AT R S A E

3



T EM R R 2024 5 it SRR & EO1-#4 R e kil 6 i TH A
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Ferif & 4 GHA099 &< v G i Hd R e R IEh S AW I S RE oK R 7 T aRALE, e 45 1 98
WARFEIZI G b IOFT IR KOs SR L], e SadatR 3 il & il 8O AOR & etk R I A e it it
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st !
LB RO

TVALZRE MR RGBT i DU o i e A i eV R, (H HL 5 45 & 9 B BUIR,
#1207 HARUE AR PUBSSE S e TR S U N o ASCHR Y —Fh S R IR AL FAL BR ) Ti/AL Z
WEEMEHALH SO HEOR, RS SEAR SR mPOR B 55 B 544, s TVAl J2IRE
aMR A S TERE, SEELETERE TVAL BIRRE SR ER R & . 45RRY, M T eaRmmist
B, P RER IR T B RENS 52 i TVAL IR R SR IS P RE, KRB TVAL B 5T 1
I FEELH T 2 o BB T I, B TR IR AR T AL BEAE Ti Reif 7 28 J R SR DA SR G PR 40 K A AL
7, BRoteE Ti A RMITR, LR E ST Ti. AUFEES R, Frf, #EARER
T PRALBEAE Ti 1R JZ T b B2 A I T A 2 RE R » et 1 RN ZEVEAR IR 264 1 Ti A AL 5 1)3E
¥ SZHANEHE, AL TV/AL I 2 AR RS S . AT Rk RE TVAL 2R E SRR %52
BB, RS AT A TR S8 v 1 X TSR 14 I FH R AT R

E01-10

ET XCT BARWEBE SRS AR R

BT, BN RTR, HSRS, EWERS WOEE, BCER JUEA R 92
ERI

1 AEs B R 22
2. FUERAR AT ATER 24 7]
3. JEECE TSNS e e

4. JEHtE TR ST I A XRHERT T B

gt e TR ARSI A, RIS 21 2 N . SR, SiEad Fe sh AN AT e G ) 4 AL
ALEERRIE SR, TR IVERE . RIUL, E R PRIEEIE A B EREE I A, 6 BN AT
HE, APFCRA X SR Z R ARXCT), SR T HHNEHALRT 00, € &gt 7
LS EER LR LR URSE S 8 A hn AR o7 k%, 07 7 8k S 5id
SR SEAH AR DAL 55 75 i OB e . SRAINLAR 2 2 5%, 2 oclBlA T, 4Bos 1 okEE S s vERe 2 IRl

FHOCME, RINFLIRECER S E SPGB AL BB AR O, T AL S5 KK B 5 95 57 5w 2 LA %
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Vo [N, M T LIRS ES PU R . SR R O7 A e AR, T Abaqus A FRICHT HARAL, A
MANE T ZAAL . F AR TERERTT .

E01-11

HEHTBMAR K FRTUR TERABKRAR SR R H %

1 HEMRH RO

A RCERRETIR 4 e S ST Ft i 5 e i, W DR I T R IR S I I e R TR AL S5 (IMCs)
FIRTHE, IRIEETIR S LR IMCs 1702 58T HE ML RER A AT B EARTT T, R T B =480 ik
R I Z LA RO (Micro-P-Cu) % Sn-58Bi 1 st 4714z, FIH IR (FA) JEALEJFE R
FFHR . Micro-P-Cu [ =4k FLASH AT I 2 49 B R, HmaR A B TR RO /L, PR
A A IMCso FRATIRFE TR FIAE GRS . BFIRL R J LA K PeAEAETRIMIAEZEXT TLPB ) Cu/SB/P-
Cu/SB/Cu B & 4R B A 9m FLRI  BEUAIRR Y], BB G IR I PR S B S I TR D, 8 R By
DS PEIZHTRRAR . AN 2 1K) s 77T LA SRR, B s o s o A H R, P AR AR ok AT S B
PR A A & R A, FFRTHERRCR, S i SRR AR R .

E01-12
REXFNFEN BB T AT AN
IR, BEOCHE Y, AR, ERINY, ZEERr !
| I b | R N A N5
P BB A5 TR 4t (SPS) IR EANEAR, F7Tkess T2 M SiC RN Ha 4 XU AN AW 4H 27
FOPERE IR, NHBEEE RGBT BRI 40 56, W G RAT A, 4R E, Hingek SiC Ak
K SiC HIe g iR IR 2 A7 7R R LI A /NS 0, 3 2 SERUEB S I A2 46 N InglK SiC
FItCK SiC HIe4s A T RIA ] 80%F I a #5148, B AT AV ILRE /1. fEAHFENBER T, &
Tngk SiC k4 AE7E 850 900+ 950 °CHY X b7 [(IEAE M. 7 MK TS Ik SiC ke gh ke, HAE 850°C
B E A ZERK, 4374 80 MPa fil 105 MPa. SiC FURL AN o] LLA RGNS A AL ALE FE8T B AT, {2
HERB I AR T AR O RF ST .
E01-13
ETHR-BREENEBERE SMEH & K HR ML ERE
) e
1. JEE B R

FEERE SRR Z M A TSR ARIE, 7R 2 B mAT R DhRE 5 R AR N T sSe Bl AL
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A = AR i, ROV E R R S MR EERL T 17 SR, A& S0l -[H 2 & 4 053 i T4 oA e
AP IR A A S REWOE AR IS 255 . -2 &AM RS R 5 EE
SR G ¥ SR e, RIS R OB RIFH AR, Rk
HEPW-FRE G, AUERA A A KSR 2R E SR S 2 S ACTHEREAR T E T 5%
AN Z IR RN LA B 1N 2R R A AR i 26 S PR BRI IO 7 - WR-FEI R i A
R T AL R R I S A SR AR T RO I AN RGS SR, BERES e JE S SR
TR T A N A Rl TR TR RS IR SRR S A Ao ANV B 2 K AR AR
S SR BRAR R A AL RE RN D, 2D X - [ R A AR AT SR SR AN T AL, SeBL 1 kel = A [
SENCL AR, BERT TI-BE SRR R . AW FCNA R 5 7 i a2
INTAEE e T RE & R R IR R SRR AL 7 BB IKIE A SR 5.
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FARUE!
1. ROEAH K

K H BEHLARMR SR DA v i A0 & el M L Z B AT IR, BB w8 . R/)E, FH
FAFRMEXT PP ZE (CTGAN) XM 5 I BR Gt AT 1), il T 2R A A L 11
Al BT RREEESE, N2 BRSNS, AR B IR T 26 it S0 6 &
oo B TEAE SRR, K Bl eI AN 5 ] LA AR (0 T 45 SRR T 10% L b, JFilad SEi s

UE T EVEM A R . I SHAP (B30T, RIS B s G2 106 &5 FE AN 5 RS2 e 50K (R 0 3R A2
Si. Mg. Cu f1 Fe.
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1. PARE T KA

2. VLI K2

3. bk
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i e U] BT IX TP E, AR IR T R R AR IR T2 k. @i KRG R BN
FEANG AR e m 2 [ &R, BEL T AR MR fE 5 e M m 2 R ieRIE . RIFLE A, AT
T SR S R RO 48 0 3 P R T AR LR M il 28 o 38 e B AU RN AR ARS8 IE T 3R A 2 o s o 2

Mttt ik, GURERN, ARZMINE TZ AT CAisE e RN 6], [RGB N, N RE R IER AL T
W L2t Trik.
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E01-16

Ni-Si #7 tH 3R BT T & R A RER L
EEZREY, )2, RS

1. KIEM TR

BT A — A AR & SR, TEREEME . ARSI T . BB SG EEHAR AT
REVEVRZE ST\ R R, SEAG A B VERR R IZ A 5 . SR T 800 6 75 e 5 S Re AL B AL . 3R i B
BEF AR TERE, A TAREETAHEE. tHREE NG &t RIS hAE, Mg s s
WRLRETERE . WY THE T Niv SifEAGE&ITER, A Efl#% T Cu-8Sn-0.1P. Cu-8Sn-0.1P-
0.5Ni-0.12Si. Cu-8Sn-0.1P-1Ni-0.24Si F1 Cu-8Sn-0.1P-2Ni-0.48Si VY& 4. SLub 4 LM, 0 Ni Al Si
J& » FEAEHIE AT NisiSino NizSi A NisPy AHo [, 8 I0 Ni Si 8 8 5% SO 454 a-Cu Al CuaiSni
AT ZUR SN, IR RIRE DN, i A Bk . 20 AU 3G, Ni-Si s 4 AT 1
KRR NipSi AHAID & NisPy AH . BEE KT HAHIITE S, Ni-Si 25 40 76 I8 250 22 5 2 0 00 5 1)
Bri #mib 208, FF H Cu-8Sn-0.1P-0.5Ni-0.12Si Fl Cu-8Sn-0.1P-1Ni-0.24Si A 4=/ HL 5% 4 Cu-8Sn-0.1P &
SR ZH SNSRI B SAL T —ME AR T S, A RS R B A A B e (R PR AR SR AN
I R I 5

E01-17
H A 1138 T BRI BRI AT A 5 3R AL M LA
RIPRA Y, gkl 2, XUBIE T, XUGERE ', 252, ERERS, B, sl !
1. bAoA
2. bR
3. bR EAR K
4. BERBOERBOCHHA R A

T BT e EE B A AL 1) o o A R R S 4 g, s A S [ A I AR, IIRZE — R R A 4
AR A B b ) BB R SR Ok, AE 18Ni300 T FCAARRS AW i 36 md b, B BRIK Ni SR, R
Co isr TRHF Al S RIFRINE SR Cu M BHRES, R T —F o TSR 258, FI AR
HBE (SEMD. & HEE (TEMD MR THRENEITHAR (APT) SFRMINGHIRIEF B, BFL TS S Kk
T UAZE [ K Ik R 5 A T HH S FE AR AL o S5 SRR I ANRIREE IR, B PR RN R B L B
T IHT HBRAL RN, FE 560 °CH A BIE I (~54 HRC), 460 °CHl1 600 °CH (K1 & 4 °4~50 HRC, —#
UL AL, (H5 & SR AR, R AR Wi s R = iR v b W PE S IR R 3R g, b R
H R BN (KR (460°C) [BIKES, HILBE R Niv Cu Z 0 & 1IHE%, NE Cu 1 B-NiAl HE#
FIARAAAER R, RIS RIE 2 T L Cr Bt ik, JF HBIGUREBOIR I B IRE (v s Sl
(600°C) [al ki, JERANK B-NiAl FHAIZH/NE)E Mo. WL Cr ) Laves #l, H —# 5 a-Fe 3&14& 0 BIFELE

[0117p//[011 ] A [Jraves//[011 ] FIDZFIDR R, RIS F2 AT R T 2RI ME S 1 oty RIXUAHALZ. fIRIE (460 °C)
7
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[l K I T R B Ni %A Cr 7%, AIRE& i (600°C) [l KIS B-NiAl AHA Laves AHH TSR (A, PiAd
TR T H 5L ) T2 BTk

E01-18
HEIYIFE T2 E S HRAE WA
AR, RPEY B, BREER B AR
1. R

KB IR T T2 & & H R . AR SR A MERE O 212 i, BV E 1 2 1)
ARFERNTI, W EEA TSP SR AT BRI R R RS, L TR AL
PRI S LI, AR T 2% MR B P ) R i B AR ML AR S Kb Ak 72 B 9 1 A P A 2R T P R T 55
BT BRI AREUR, ARG FENEWR: D B RARETIETH T, fl% T AT %48 7075 84
&, Cua ISR A MR, WU T ALTI B RAL RS AT, ST 7075 84 410
SR BT TR AR T FE A O 2388 A 0 SR BB, B T Cu/f SR S AR R B RE A B2 X 25
2) FHSEH BT B4R, BT Cu-Nb. Cu-Cr Wil — 7o & 478 ™ B I8k AS 3 72 o (R e 5 440 AL
A, $2H T Cu-Nb 9K H 2/ B & 7%, 7R TR Cu-Cr ZJn & & INUIR &
BLH.

E01-19
Hastelloy C-276 A% AF UMM 5 7 45 S UHIRT L
sRiGET 1, BRZE !
1 JEARRR Tl e

Hastelloy C-276 A &M 4 900 °CA R LA R f5 , KA EBSD £ AR 34T 1 & & S bL oM ZH 21
o JE T A AR A, A T RIS TR L . S5 RR I, AR T AS A S TR i N R O A
FTHEEARTC RGN, A E RN, A T m S AR AT . A LG A D AN RS
G LA /N AR B i FURE AR N R FE B R B AZ ML o KSR T, b SR ANl N T 46 A TR AZ LR
TR/ T A SR EE T4 o AR TR AT DA Y BEAE AR T B8N, S RLA<001>/N #45))4<110>//N.
NI ZR G il SR BN 45 A%, SR ECRR, (A FEER S 23 A I, RE TR
FRfE. O &b AL AN AT, BT 23-23-29 = AU R, (15 29 & ARz S 23 WA
T ZE—5 EEEE R ERIEIN, 29 & Az 3 BB R E S TRt — DAL
T v - S AL R A 4 2 5 Rk s A LA R LA

E01-20
BT Rk e R 7 B BOTREAR 45 S FL AR 5 Ak RE SR ALBR T
WK, A2, RREHBET 3



T EM R R 2024 5 it SRR & EO1-#4 R e kil 6 i TH A

N o B | =4
2. EF kb smpg L2 O
3. IR KA

I8 73 B AR T A Al FL 2 B R 2 AE A AT R AR I8 57 R A, AEFL I BRI = AR R AR R S 3 = 3 AL
57 A A T B FHAER B RIES AL G 7 AR AE B S) J7 220 DR . SRR R B i B B 4 A
ANIE) S LA Je 75 Gy Xof LB I e Aot 0 55 vl R, )2 S T RMLER B S ) AR F LA R A B T — Tk
0o AT TR Rk LR 7 N2k K 77 S BR S 1.5 mm & 2A12-T4 S84 & FLIE R A 3/ 58 TR R T+ o 57
7o AR, 4 Sma=120 MPa I (R=0.1), FLIFZ RRLBRAL IS 55 75 fr nl $e T4 6 1%, BUE T E R R
WEAR A IS FLA B AR R R IR BE DT ) o3 A 320, A4S 57 MK b R EUEA S AEFLBE BIREE

E01-21
7 Mg 88 Al-Mg & SESA B KA S R
TR R !

1 KIELE K

= Mg & Al - Mg( - Mn - Fe)&& M E S A AR 55 A, SECUEM, WInTTRME, K
PSR SR AR B R B R O 1) 8. R S A e e I R b R BT U 5 A R0 AR SR
BRI AT S K IAT R, FHAEHLUR A BT VIR S5 TR 45 difh, (et 4 A TR Rt /I 35l o A 49 K R
PR T, DA ST BRUESIR TR R SRR, KAWL T A SRR R A
TR G & R Re I, R TR L 56 8H L HREINNERR. AR NG Mg & &
Al - Mg &4 OB SR ANEE AR IR 4 TRn&fE, R0 K TR RIS AR RIER, & H
TEEAYEREML R Al - Mg( - Mn - Fe)& 4.

E01-22
R A SR EHFIER ISM EHRAR
SRR L TKAET Y, EARAE L, BTEID Y, vRASE . eI

1. R Db K=

IR BB IS ERBOARAE R R RN B B R R d G 42 110 I B ) s O I AR R RO .
SR, FEMSRIE R, ARG EES SR AR . IR e S5 K kel e 5 R FH 3R R 52 DL A I A #4
SCMAMLESRAE 7. BT, @ T AEB IR SYEI RS0 B, ULRFEBERN Z 03
SRR, BRI A, MR . [FIRE, TRNEETL T SR AN RS S5 M0 A A e B R ZR 1 5
M, SRR, KR RE R R R E 27.1% TR 45.9%. B4, HVELHIEIR TR R FRIE R
KSR G L], IR AR SR AR AL AR . BET TR A A, DR EOR N T L )
i, I 7 EAR 70 mm AEAZR 130 mm BIAE S & G ST
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E01-23

HEEFE-BE A S EH1010 N E B E EMEL R /12T 5T
L, e, ERRY, ERE 2, EREE, FER!
1. K& T K%
2. WAL T R
3. TR

LSRR A AR T B EN/1010 NS REEME. MRS EEMET. B AREN AT K&
FL T 1S BUR AT SR AE T 8145 B34 JB B 2R A MO 4 2R % LA /4 e 2 TR) O AH B3 B A P B ) oy (e iR 6
S ARG T T B EM B J12E e Re . bAh, A TR EEMEIRIARAT N, M HELHRREH T T HA
TR 1HVERE . S5 RE, /1010 INE EMELRA RIGFMGE&456 5 m, HH B T BN S
WAL, SEMEHPTRIEE (5123 MPa) /- T84 (376.2MPa) il 1010 4 (536.3 MPa) . [8], {H
TESF R AP FESEACIER T, IR A #ENITHE A 520 56 MPa. ARFEES T 41 A1 1010 48X 18 AR Rk,
FRECRIN TR AL R B Kl K5 7 B ERPRH S8 A i AR, BT AL i DI s, o 5AE
WEAR T SEPrfd. 2RI gs BR ], Ry B TBHEMM, HHAmRRBEES, FmmE KT8

F
E01-24
ETF - #-BmihFEIERAX Cu-15Sn-0.3Ti &L HAM )12 AR
EFH Y, AFER!
1. PHZeH TR
Cu-15Sn-0.3Ti &4 5 Nb ) /7241 BEVL AL f& NbsSn B S et . SR, FETE K (HA)ALFR
Cu-15Sn-0.3Ti B &VAANEEH 25 Nb hEIARIE R . fEXITAES, &1 7 —FhJi-#- s b R Ak H
Ao SEEGLEREL, BeRERE (RS) FIHLBKMALEE (EPT) ML & K710 LA SA A LUK R4 5, B
D45 7 HATIEKZE S, (AT) (%55 ERL, fF HA SR 10T 8RR~ A>500pm 40465 9.3um, 1%
PRPTRL SR E (UTS)AE AR SR E (YS) /0 Al 5 34%A01 28%. (HATE M2, X BT T 90s #oEm T .
ATAER B T Cu-15Sn-0.3Ti &4 /12 RERIAR AL 5 EPT i A2 oW 41 2R3 A8 2 [R] f) 55 R o #87R T /2485 (SF)
TE AT JERCFI 45 S TR Ve o JEa v 5 beEs 1 EPT AR K AL PR 45 db 3% .
E01-25
ARFEE T2 A380 BB EAEESEMAR, JEMEMMAEER IR
EIIKEE 1’2’ g‘rﬁﬁi 1’ $3‘ﬂ: 21 %Eﬁﬂ 2
I NN
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2. FARURIERAG S BRI A IR A ]

AR A380 JEA54E G4, WEAR T s ESS (HPDC) FIEB{RIE LS (SSSHPDC) T2 AN
B MHLRE. J12EREF K IERE o B BUE AR A hZE T, 72 700 °CIUBRIEIRE T, Rl
FALERNT, SSS HPDC LI C A I — €& 'S Fe M. M@ HPDC &4k Fk ] N 55 14058
T 9AE - 538 HPDC F1 SSS HPDC it 2H 23 = ZONECIRAE I oAl AH, ZF4ERIL M RE Si A& & &4,
W& SSS HPDC 1.2 N#F & Fe Mt F AT H SEHLUE K. iR N 5@ HPDC K & (145 PR 4 5 i A
FEAH AN T SSS HPDC #5273 BN T 30.9%H1 162.5%. 180 °CHEE T iyl fr i, WRICIRZS FHihism s
#HAFT R, {2358 HPDC FEF MR IEE T 8.2%, SIHTEL R, SSS HPDC ¥ fh il 2B RAL4EFF7E
1.8%. MEAk, LUET 3 30~300 °CYuFEl N #iZ ik PERE, &I SSSHPDC #5AFI-F I AIEIK R BAR T
HPDC #ff, HAE 30~240 °CYuE N AEIK R EEE RV 1.43x10° AT, $gm B in /b SSS
HPDC T2 F& Fe LR, AF T SSS HPDC TEHA T4 24 fE, /& SSSHPDC T.
2R

E01-26

B10-xAl &R0 S K it #E K B ph itk RERT 5

IR !

1. AR TRERARW T A BR A A

WA S HA R R, B2 S TR TR . ¢ THER & S 3 il B 1 90 K 2 41
FEAEF AR SEAT AT, SRR SE PRI IR AT, R G i - ZE R R o 202 7y 2 F A
RS EE AR . Al BRI S AR A S IR e R, (R AL &R A FFR AR TT .
K HAL AN K kB 78 1 ALK Cu-10Ni-1.8Fe-0.8Mn 4 42 Ji il A (ORI, X6F Ji fk = 4 s F
17T VRN RAE ST . SRR, Al T &SR EEMLEI YT, KT R msE, Wb 7B
FHE 2307, 3008 7 b R B8 . Cu-10Ni-1.8Fe-0.8Mn-3Al &4 i Ji i P M i by A1 35FA B CuO
fiE . A B S ALO; [ CunO AT #EE A Ni2 ) CunO BELE R, A R 7 N LK & 4 3Lk 1)
kP

E01-27

Microstructure Evolution Simulation of AlI-Cu-Mg-Ag alloy in Solidification Process Based on Phase Field

Method
Shiging Zhu !, Hong Zhang !, Xianyi Kuang !, Linghao Chen !

1. University of Science and Technology Beijing

Al-Cu-Mg-Ag alloys are widely used in aerospace field due to their excellent heat resistance, high specific

strength and good machinability. In order to obtain excellent performance, the control of its solidification structure
11
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is very important, so it is necessary to numerically simulate its solidification structure and then control its structure.
In this paper, the solidification phase field model was established by phase field method to study the microstructure
evolution during solidification. The solidification process of Al-Cu-Mg-Ag-Si alloy is simulated and verified by
experiments. The results show that the grains grow in cell shape and the second phase forms at the grain boundary
of o phase. The faster the cooling rate, the smaller the grain size and the lower the content of the second phase. The
samples were observed by metallography and scanning electron microscopy, and the phase composition of the as-
cast samples was characterized by EDS and XRD. It is verified that the second phase in simulation and experiment

is mainly 0 phase, and the grain morphology accords with the simulation results.

E01-28
LB SR & S H R RE KRB LEERT T
wRE L Eamia!
I | 5 SRy ) S Y

biE m B e B A S Tk 2R, BR TR ERE, XA R TS R, AT
PAEF T ZX Mn-Cu SEMROREE M FJEVERERT 1 2= MEREI S . 20 I b )5, Mn-Cu &4 K4E
TR AN AR AR, AR T R IR s AR, BHLE T EIE S, OGE T i ERE . RN, SRR
FRASRRE T 2 BRI R, 48 TRRBRe 1. a, & MG &R . JrhissEM SDC 403l
336MPa. 620MPa 1 44%, i & SRR 2R G 1 REEE K

E01-29

RMEE R SR RS BuEEE LR i RVLERT 5T
KE OBR2, E4El2, AFERE, Rtk
1. TR

2. PHIL T K

H 4 8 (RS P AN FR AR B ) G tE S MR S IAL T e, AR T3 SO e ek ) PR Re 5
AW T OB R S NI Citin 7377 ) SR S IAT) YRR T T e S8 Ak S 0 L dE AT H
FHAERL, KIEFESETE T TIAUTLAIND T BUEHEHEL IR R . WFFIR, S5 J0 B FAKE AR 5 e i/ N AR
TEI5I AT LLVEBR TIAVTLAIND § BUEFE S AL AIND, Jiath &8 A&7, [Fn, 49 Bok e ka0 i
WA A, FrE R M O+ (AINbrtan) + Cartp/B2+y) =JRRMJZIZHTH AN (0o+B/B2+O+TisNbAL)
+ CotB/B2+y) IERN)Z. Hrr, TisNbAL AHZ H IXTE TIAVUTLAIND § BUE RS iR I, Hon] LAFHAS
Risigsl), EMAEEZERR, $RTERSRMERE . MR L2 F RSk T =il b, 2RI, &R
Bk gd miR / NE G, PURimEE T T 272.54 MPa, AN TiAl & 36K PR R I T T 39.2%, Ak
597.89 MPa, 53| | TiAl & & BT 85.99%. X TAE AT MRS K SIAL & G FEAAR i B 542 St T s A 4
RI R R B R 4%, (R TiAL EtE &R AL &kt Rt — B R .
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E01-30
RS AR M ER-FUHERE T Z RSB AR
FEIR L, OB 23, e 23
1. SR BEE RIS, MRREE S TR, 107 TR, M, 121000, HE
2. MRHEHERI SR B E MR E RS0 %, MRHEORBE e, AR RHEORE, JEaT 100083, 1
3. BEGE MRS I THARAE SRR S, R BRI At b, AR S:, JEAT 100083, HiE

R AU M AR IR A, B R AR IR B AR R, T AR R RS R Al A AR T 97
b ATFEGRIE RAFVEREI RN, (67 ity BL AT AR AR 2 50% . AR G AT A1 48 UM RE, B
IR A AT T2 N, B85 525 TEAA A PO RGN 7l o [ 97 A B AT ] B8 L P T 552
RJE, GRS AR TZRERK . Hl&mPEae ™ MR, R A A 5™ b2 B i
Ao

AHFFITR T AR Aot - FL A RAE T2, RIS RATE 5 & B sl B iR, i
SLAIIN TR s PERE A A4S . B il B A OADE RS S A S S I, BT T IER R A1l
&5t e 45 A L ZSHO BB 2 A AR B AT 9 A0 ST 2 R LIS, sl 1 5 = 8 R A,
il 2 FUARCER B 1T 2 JE BEZIAE 25 ~ 400 pum 2 (8] o SR JE RS GERAI T 2 b oA I S T2 rl /L, 4Rt
TRHAWERRITTAREB R SRR, FERCEERR bR F BUE BRI L SEI R T T A0 B FL
AT RGN, #E VI E S GBS 2. RJEu T 7 R ERIR I 2 5 R
R AWM LR SR, SSRGS SEREZA 50 pm RS E A TEMIN LY, 57
TARBRE SR AN GE A R 2R R SR A

E01-31
T 58 1 LT BT AR R 4R B SR LRI 7
FEHF ", i
1. At B4 Bt 78 s B

PL Cu-Ni-Al &4 N FE5F %, i 50 AL B T 2R VRIE 2 am AL Xt & G 4121 2 Re F R P RE O 52
WA N LR, FEM AR NS (D)ARREBEHE T 26 EN Cu-Ni-Al A 4 R0 R b B A 2R
SEVERERIRSM AN, P T O - A S M RE Z AN TER R ()RR Xt Cu-Ni-Al & &
RO FE R A VRN g 24 e DA K BE AR B M RE S A . A &S TR RE . DU EE Rm>800 MPa. fifi
FE KT 200 HB. 47 KA 8>120 GPa. 7F 3.5%M1 NaCl A& /K i JE o R /N T 0.025 mm/4E, fIRIE P RE(-
180°C) It B 114 5 54k i SR S T 4t Cu-Ni-Al 5 4
E01-32

PR T EEFERA TR Cu-15Ni-8Sn 5& K84
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WREAE ', e, RO, AT, uiER !
1 JEE AR

Cu-15Ni-8Sn &4 (UNS C72900) 2k % AR FHBAFHIE 1 S BA R, RAAGH “ EE+ KRR
TN TA+ERI R 4 T2, P& 1200MPa LA L, (HIE(HZAL 2.0%E 4. N T $EFHAHRI R v Sk
FE A, AR T RS TR I TP 25 b AL B+ /NS T4 N T+ HR I 207 B il % T2,
SRAF SR AL A S) . AT A REAN NS, A S ER R R R RN, WHEEERA. 5
gl T2, Bl T 2B A WG MK E il 2.0%8 &2 11.7%, mifihiss X 1214
MPa [ 1191 MPa, JUTIREFANAS . AR Tt 45 Fn] i e 20 i s A B 4 2 4 (R 27 5 0 Ve R R 4%
ST L

E01-33
2 Ti-43A1-6Nb-1Mo-1Cr B HEFRBHABRPHIFIEBEH. HRRBEHE
L AR
1 HRIL TR AMRIRL 2 5 TR Bt

AT Ti-43Al-6Nb-1Mo-1Cr (at%) 5 48 TiAl & 425 IR R s S 45 i (DRX). B
HARAZIN . 76 1150°C/ 0.005 s—1 251FF, LAL10 UK EEE 5 y RN T . FiF, TiAl &8 RAEZRE
T yioo—a FHAZ . BT DAL S E A AN SRONRFIE FE S B A FE 4G S (CDRX)SE, 7R y AHHIE SR 2V 2 54
SR A 4 i (DDRX)AH I (1 2 B R A1 A 893°1K dfh o 7 s IR I £ 1T 6 A2 PR SRR E RS 51210, X5
y M{< 110 > KRG MIEEEA . SUATTH, o AHIIZUTEAR T R b 32 BARRERE M 20 .y AHTEAR
AR I B B IAELLAN . Y R ARSI 40% ), BT 2SS4 R B, BT a8
Fo SRR AL 2 AN ENAE T AE R DRX AT A5ER . £ 12002C/0.005 s—1 51+ F, o-Ti3Al AH
(DO19)HH L T LAE M) AR SONRHIEE S8 A P45 (CDRX);  [FIRY, B-Ti AH(A2)TESAS F 45 il KA,
AR A S AR . Ak, SRR MIESE T TiIAl &&fEmE it &4 1 N 15 S0 y— o F4E, =
BERIN y-TIALMH(L10)N 1/6 < 11-2> {111} M s # . FENAR 60%0, TR 1151 y— oo FHAZFI
FEE S oo dRRLIOTEAZ, aoly F RIS & oo SRR

E01-34
HTZERAE B R R TR AW
Ff !
1 E LR
WU 1 2 RIS R AR L TREES AN . SRR BRI A LSRR 1175 2K, SkBL T
2 R AR/ R AR R A HE SR MR S 45k . R IETT 1R b, R R P 0 A 2 2 SR B B A o LA 95

FIIAE] 1880 MPa, SEMZIAE] 7.2%. AHEALGARBRIN, HUHmom AN S e ] [N 13 203 . 2 (K

BREE S A RENS (e 3 2 |2 TAZZE MO AN pP ke IR 0, 3 R00RE S AL R B X RS T T 2R O 280, ool € 70
14
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LR, R RO IR A

E01-35
13750 Bl R P RE Bk & < FR I 1l T A A R L
!

1. RERHE K

VERNBREE IR R & B AEL, BeE & RAMERE. & ELoR BEAR S IR R MRS A i, AR
FiR. R5 PUECBESIREA T BN AR . S%ERARMEL, EMHEsES TR Z
PR, BRI R, AN IRk FEE RS T SR LIS BIG5R, (515 f T
A3 (86 & S AR RE IR 2 i T8 = o BB G & rR U A i FE IR RO . oW 2R 5 1
RESE M), ASEIGHRTL T AMNA A BAE R TR AL IR 22 T8RS . Rl B A0 2 (AR S 56 T 2 3406 CMT-
WAAM G S MMA LR ) ERe s miig: . SRR, S5 SMBEBURERE RIF, RIHRE B
fiCe AERCRIRERIRARLZH T T, SRHSIETNEM S, SRR TIE (38.3+3.20m) FEH
(111.6+72 v m) BFEWGM, AR ST SN T8GR AT AR 5 ) ) 25 B & vl 57
BN, T HBIHURIRE 2 50N 235 MPa Al 230 MPa, {HK 250514 12%81 12.5%. WAAM il 184
SHEE R 5B0E AZ31 BEA M U mPthisR g, S m R,

E01-36
A BB AR AR A I S R E AT RN
EFEMS 1, T, gRfan !

1. BRI

ERFPREESHBGRA A A cE ey, MRS M. SRR SRmEL RIS
REAFMA TR BN AME SRR, 2hlamteR2RE SRR —. RAESRKYITE T
SRR R AR SR B AR LRI, Bl ) Z IR A = & F i 45 & o B DUt — B4R Tt
eI 1 e RE < Jm SRR AR I T AR LT o A DLBR/AR B B AR R 1l 26 D O B, 0 3ilR
PR 7S W LA B AL AT PR O 30 TAT BRBRIR A 2 5 R BEAT A2, SRJR S B & RMEER BB FE 4T B ikt
ITAEEER 6061 FRBRRIEATIR LR & AIMBOLILRE LG, BHAER T EBSD M TEM X5 & &I
ACBERTJE 1 TAL BRARIR IO OW AL ZURBEAL 2 8 FEREAT RAL, PP R SR A i3 i o4l
LUULF A G Wt T AR TAL SRR fs B & RIS AR R SR R ST 8. 45828
KUY, TAL SRR A B &R I Dl AL B R T KRB RIRE, IR IR T HEd . 40k
A AER AR ity RO AT O Z, SRR RN 317 HV. JEE>80 um; Z80d BT AL 35 72
BT BAREZE IR, SRR B R Ant, SRR RER 307 HY. JBE>40 pm. B
M HLARER K] TAL BRIRIR S 6061 SRt v L2 A il 26 1 BR/AR R S A 10 2 S i 2 R 3 HR B 1 9 BEAS
Y EI oA AR A5 A AR T BEARAT IR AL BRI L, LR & F i 4 SR AR R T 41.2 MPa. IXZ2 RN TAIL
PR R A AR B e, — Oy AR R AR I AR T 5 P A RSN F P AR . 400K AR 4

15



T EM R R 2024 5 it SRR & EO1-#4 R e kil 6 i TH A

ARG, et T TAT BRERIRfs B 53R RSV FLIE RE TP IR BEM B8 LT 19 e, {43 6061
MEERALTNEETE L, BriteBIF e SR, 5 —Jr A & a3 mAL T e ek Al
S BRI, NP TR . BN E AR A RIS, FRC T AL AR Tiv AL R TR A
PHRELR, BATIIV T 456 EMAER KA S, 3T 7 M as SR, Bk, SR A B
TA1 BPRMIARAF B & R IIEAT B A R AL A Bl TS ik /An 2 A A i) F T 45 5 9 2

E01-37
T BAIIUR I E RIS
iR

1. P EREABE IR AR SRS DK A5 AR TR

FEABAG A, TV H R R A E g R A 2R, DL 25 PRI AARAE T IFHA. £E 5G a5
Y ST R EE SR T, B AR LR IR EAR 10 K AN IR BEAT 9 23, 74 REFRIRE AN,
TRAFEURBETT. SR IRPAAN REE N b O S AE BRI ARG i id ok, & 38k
P B AR TE RN T ISR, SRS i B R A HAA P IR AN (gl “RRAEIE” 45D 1)
AECLALSE o FATTFE 1 —Fhor A2 T BABLR K B 4LNLEE, R SRA_EIRHE i, SCBL R 2 S5 (R Tl 4L 3
FATFIAT 3d TERRI T A SUE ML ALIE o 33 3 SR /K LI VK, AR 38— K 1. A
T AERHEFAE R, BN A IR, It — Dbl A B AIE g, @R A Y S T E, K
13— SO 7 XS LF Lz 2T R, BATR R — RV R 1F, HT e et ings. BLK
“IRTETE” A g 2o BATT I — DA% Ik B T A B oW AR R AR . 12T IR R LR
FRAAR IEAR, ASRA S Z N T AR e BN 1.

E01-38
22y FA G SEER S APRIBE R G5 B RIS il %
VAR 12, T, i, 2
1RSSR T AEE MRk S TR S B

2. R LTRSS MRRRE S TR

BRI — PR AR . SE G R R R P A T R i R SRR, TR ILTE B AR
JEE S5 RL) () — A AR ) 325 7 TR EL G AR R 3 . ARSI — b 22 B - A i (WPAAMD 7772, A% &k
RIFEF R AIERL RS IR T2, $l4 7 TiC F BoC Bk s & BhEE I SR AR IR 2 A AR (AMO) 45H, 2
LT SR PR R R RER & & 4 M S RIS E A . 7E1% AMC Z5#rh: TiC k& & H i iz 28,
EFNEAE (2912 vol.%) SUEZI/D, SIbFIN BaC ok & SR Wi (& =20 6 vol.%); MM,
AL FEAR B R RSt 2 e e R B AR AL T AR AL, AL Sk 225 20 B A2 BT R 65 um J8/NE] TiC 1648
FRE 18um, AJERERE TiC & &R B.C FENIIN, Al ACFY EAZRHHE KZE L) 30um, MK
BT O -2 R AR A Hy . IX P AMC 250G T TIC/AL 7R & R 47 ISR FE-FIPEVLEC AT BoC/AL 14 FR L

SERPURE . IRTERE, BRIV TRSRPIVELE, hEERTUDE, DRPUE. BUETERE T, SEHL T ZkRE
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T
E01-39
AT FAMB AL B
N

1 ERGABLEL

EEAENL . TRAR B TT R ERER T DL AT AU . X AR BLGAE AR
HEEAL AT . RRGEEH AL R, ARSI ST AL SR TR . I
R, WO FIRESUIN THAREHE LB ARRAS R S5 2 DU M s oy — i BBLEL 1 5% (14 ol
IMTFB. SR, BTSN AR AR e, AL RS F — ERAESE B JA DT R bR
TR AUHBIREOCT SR ARG, RIDSEL T ISIAE A AR, A “BOLBRIETE S AR KRR
RN TR [, A LR NAR R R R E, BATEXUZ WSe2 MRS 13245 91k
B KAEE RDC B RCR I AT DA P AR 25 ) ) 2% TR B SR SEBIN O BUROLRE T R

E01-40
% R B BRI TAORAT HAR R L 2 &P AR
PEEA !, H
1 Rk
S e G, R (R A R P (G, o R SR b EE S A

B e RO L2 FIEATIE 3. A TSI URIRE F I buE 2 MBE RS SR T 2, 2R
G AR B AL & 7E T Ni S b, S50 5 RSN S5 MIHOR MO T PPk
B, I SR R RO MEE. S5, (R ASATRR T, SRS, WA BN
i\ Lmer-Cottrell BURIE 25 i 7EE B fh I K SMEHR 41 M G T VL5 Aeh 3L RRA I SRR . 3

SER AL AR A A B TR R AE Fe B o BE AN AEALRE J1 0 % TE 09 E AR AR RUBE S5 K4 LA
LSRR AL R M AE R 2 TR AL AT 3t 17 ) LA

E01-41
EFHFERTFANTE. REa&RERBRNE
ZSER
I Y PN
RS R &< (MEA Al HEA) fEARZ G5 AT Re B B EORE /0, (E N ECR ) s 23 [) Hp
B MR GG IR E RS . AR ER-UR A — M iiE . mnEE S 4 MEA R HEA B9 4U

N A EE S TR (RF-ICP) Jrik, %750 LUKIESE B MEA il HEA HIHlERCR A =& . T RF-ICP J5
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%, AT OB AN K 28 SORRATEL A B v 1 AR IR

E01-42
I L ESHOKIH R & SRR R
FHEL, !, HEH?2 EEEN 2, Lozikov Igor

1. B ENUS RN HE TR b

2. JUARABHERHM R T

3. Institute of Physics and Technology, National Academy of Sciences of Belarus

KR B IR - KB -A R HI % T Cu-Cr-Zr-Nb &4kett, RIS Bs. Hiibmss. X 49
AT RATR IS N T B, WA T IR 2240 (W RORE 400-525°C K B 25 18] 0.5-6h) X 44
B S, J1VERE RO 2R s . 5 SR, B B AL B R S AT TR (R B i, Cu-Cr-Zr-
Nb &4 1) 5 LB W K, AL, P om A e AR 5 5 5 19 0 5 ek N R A8 A 3 o A B T AR 2T
2, 2 500°CHTRL 4h [ FI4R Cu-Cr-Zr-Nb & &ML GHHRRA B, HFEEN 80.2%IACS. WA
81.2HRB, [FIW SRAT4E i (T HL o B I AE R 2351 544MPa Fil 21%. HH TEM Fl EBSD 53R AFIESEHT H
SRALFIAI AR SR AL 2 Cu-Cr-Zr-Nb A &R EZsRAbHLH] . S00°CH RIEE T, i 2 (AR 4h B, &4
Cr Hr AR B HARI 2B B0 16 FCC 458935725 9 BCC 45#4, I HLMT AR 53R 1 3hA% 0 R LA 2 Sk ¢

E01-43
Po . S SO ETR AT BN T AR AT
M !
1 JTHIBERERE
PRFRIE A 1% (Volumetric Additive Manufacturing, VAM) J8 IS B2 A = 4R 2 & B E %R,
PLSCIRPRE T Ao 2RTM, = 3& T VAM IR S8 7K G2 PR L S A OG8RI . AR T4k i 7 R &k
Pz Em AR (2R (SS) MZZREH (SF)) MBAMREF A SKH T VAM, DLRETE S 1 =
YETEPESE N, FFIRF ALK T AL TR USRI .
E01-44
ETHRZ TN REREE SRR

7 E
BRI

1. AW TREBARH A R A

AR < DR R AOHUBE REAN Pk E T 2R e TR P A T2 BN AT AT St A SR CA R et
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B, FIHAPLES 2S5, 78 Cu-10Ni-1.8Fe-0.8Mn & 4 (I3l F, #1147 Cu-10Ni-1.8Fe-0.8Mn-0.3Cr &
&, WEFLT Cr AHAER G & il AT A s . S5 RSRH, UNIN T Cr Jo 3 16 4 HoA S0 L IR v il J6g ok
PERE. Cr NN AR AR5 4 (10 B HiuE % B 0.287mm/a FFAKE] 0.028mm/a. A & H HIMR 8 vt A 32 222
FAE & b B R B AT R AR PR Cr03, CRttAERE— 278 Cu0 JEIBH B 1247

E01-45
GH4169 & SRR BN AL K 7 FAE R E
dAERE Y, MR, R, BRE Y, BERE Y, T

1. PdE TR

BRI G e HA R SR T2 R RE, BOSNTE RKBILIREE T Fr o A AR I B IR S A kL. A
ImEer R o], AR R RE AR S2 e AR RO 8 AR L R R R e AR S B AR 5
Dams KL Fr i) BRI . et BEEIR R N OB TEREIE R MPRLRI S s 2l nl,
Z R RIAE T s RSB AR S &R S 2 b . ASCR A BUER 50t A Ss & 1J57%, BL
GH4169 il 5 & NS B, RIS A RIS HCT BRI RO L I8 KN T 18900 A, FExHZ Sk ik
BREEEAT 1 RAL, W 7RSI E IR 5 SR A ERE . R RSN SR A B T R 70%, W R SEfHERAT By
B HERRBAAN A FTR BRI, AEAE Tiv ALZFEAYIA Nb. Mo FIBRICIIIRL, i fiakde ik B %
FEIR LRI AL B AL KA TITR, RECBHAER . SIFRAFBEEIAM. WHh, FEMFRESHCT, R
TR B8 LEAROR, Bk A ok

E01-46
SRR % AICOCTFeNi2.1 36 B &30 LRE B SR LM RETT It
L

1. ROEAH K

A SO FH L it i 0 4 R P 36 1 R I PR PO G A0 1) A T3 SRR M 2= O G RS 45 4 5N
AICoCrFeNi2.1 3t &g Sl & & il s ASCHFIE T IR BRSO T 222060 AICoCrFeNi2.1 L i & A
BT BRGNS R IR . B TCR I, BEE A RE R A BRI, WA DT A B AOM 4 2
JRLR 285 W AR A IR 1 JZ2 R IR 450 . R A IE BRI OB L % 1) AICoCrFeNi2.1 L fh il & & i 48
H BCC/B2 Al FCC MM . SR FRAE RS EE Y 137.25 J/mm3 I}, AlCoCrFeNi2.1 J& w48 28 1 %
Gi9mPEN 241.214.2 MPa. fERIPIRES T, o Jm IR EERIHTRL R L 73 79l AT ik 1349.4412.4 MPa Al 1529.5
+12.8 MPa. SFFH i F RO AL 45 1) AICOCTFeNI2. 1 42 (% i it P A& 4 oAk . o7 B 9k DA%
FCC 1 BCC/B2 [ 5 iR 5 A TTRRIK o ASHIE 9T A) 3k dit s i & & OO a5 M ot A e bk iR 62 2%,
BB Ry etk i AR T 4 W B S R RE A T R R AL I SR

E01-47

BOETHERXT TC4 - SiC p/6092A1 B A4 B IE B H REAR & 1R RE IR
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BIRT L, EE T, T

1. ILH R

KR BEOCIE R T 250 T TiGAIdV 54 (TC4) A SiC ki 7 sRERIEE S8 (AMC) [R5
P WA T EORThHNT TCH/AMC 234 MR . &8 LA YIS L RE IR . S81EAE SiC
PAELEMS I G & R B 44k, SRS RIIAEWIER, W1 ALCs. TiC. TiAl Al TiAls. 55X /R
e B FEIA AR LG, OG D30 B ER R SE A W 2 o BEE WOGTIR G N, TC4/AMC Ftii B/ Ti-Al
& J IR AL A 0 JE Bt it 2 380 o R T AR AR TiALs AR RSN UBE REAR ], TIAI3 A1 FIAEAE KR A4
IS TiAL MR, ALK KEEE TCA/AMC H2:kMHMEIY) 11, 4 TiAL B EEIA B ARE 7.1
pm i, 76 1500 W H0G T T TCA/AMC 23k i R R BT ) /18 1675.6 N B 7L 45 SR B 2luist TC4/AMC
IRA SRR, HNSJE TCHAMC FE kB R At = 5t 98 F .

E01-48
R BE P R4 AR TEAT R R 3R 23 B ) R AL BT 9T
BXIRY, A, RE!

1. ARAEKRE#

R IGUT FE R i AR 2N BRI S DXGR K #% 7 — R A S AR AR BEA . TSI 4.5 wt %[
BT N AR AR B FRIR 7.2%, (B8N TR RS, SECRIBHUGIR 2%, X LEGIT AT W R PARTT . BT T
I SR IXR K CTAD I )% B ERARAF PE AN AR A AT S o B R 0 (8, 4545 EBSD 2 A RUE
Her BB RAR, 4575 7 ATEHLE]. G5 REW, 7E 700°C Im 7 DR K 30 70hinS, 95 FIGE fre dk i) fie £
PEFFLASEIL. Rl ROk B AR R B AR A ey B AR 2 [ B A, AR 1 R rERE . X — &3
PR TRV KB RIEATEE, 5 R AERE TRIP N X VEREH F AL . FEIR K 30 70 BRI, 40K
B AR B &5 BV O 10 2113 wt.%, SBOLERHEEN 47-50 mI/(m?), 1 E AL AL .
PEBE/D B TRIP RN . HHELZ TR, BURB KRS BHUK (7 2] 8 wt.%), Cg a3 NS Kk, ttst,
JET A UEAR I, AR B P R B 14 AR Foe 5 AR R AR DX, T HRR B IR (5700 nm) £EAR R AR 1] Ry
JSEAZ PRI A g e R R 2 T R B AR, B AR N TR AR AR S (<300 nm) R B RAR X
e BEAL, AR AR B R XN AR B vy, IR, RILH RAR AN RN BE ST SR, FFASE P
A HIFR R RARHR A Py AR, RS T AL 7 A A AL 147 1 AR BRPUIRIL 1 B IRAE, W R %2
BEHINAL .
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SIRTEEERG - AR BB A BT 5 I
!
1 AR R

FER 2 KRR & A ME RS L JERAE . iR AR B XL R I, 3 1 B3R N7
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IR 2219 fRa & E DR ROE M RIHE . TP T 2219 & @RISR INE T 19 7545 1 L5
A, RO A S AR AR MBS P45 SR AT VS B BRI 7T, A T 2219 A SRR IR 1 5
Wi SRS, DR R R RE R SIS A R B O 3R BB ST AR SR

E01-50
ETHSREINFRAEE SR S &MU
PIRRR Y, EHPREREY, BB 2, Ak, 3EK

1

i3

1. RILKR
2. big R

PR iR & S E RO AR, R EEIN AR E N SRR DL SR TR A 2
PEgE. BT ZATela o ARERIECHARE N, Bk min & e scIvERe . ALRett 54U [P
i — EARAE PR B AR R A SRR AL BT — B IR RS 18] SRR SR . AL o S R
R8T 106 A0 22 4 S AU AL IR B L. it BATHIE v ' MIVEMEIREL . & e BEATH
WARK, RAZEZ 2 AR sing, [FRii 2 4o et sif & e =1 Hir. N 7 IRIER
WA B, BATAI LTI R i & S thak £ 7 A& 4, JFHHT 7 SERIeIE. 45 REW, £ HiR
DA AT ARRIE A By | MV AR - RS < B FE AN RELAL B AL B i vl & <

E01-51
B L12 #r AR R GEARSE R T NiCoCrAITi B & &
SN, AR

T /02 377 4580 55 )57 L CoCrNi i & B I 4 K 2 3 & S p b e, (H L S 00 e IR A
BUK, XA PR T FERH 5 K J& « 76 CoCrNi Hfii &4 51N L12 Mt Al — -+ A s F B
RS 3RAF L12 H7 HAH 1) T BOd & 2 SO UBon 1, Tifehn Lo A% ol i 2 78 ah SR AR RN 51N Ad AR - 28 1
(MR HAH . ASHI T BT JF i I B IS R & 7 —FhESE 7 EL NiCoCrAlTE milii& 4, @il Wik
FEAAL P 5 73 BT 5 AT HS FERTE L12 GORHT HEAH o B 280 A 4 AR HE AR 1R~ 280 RS R AR 73 3500 73 24
749 10.9 nm H1 41.9 vol.%, #rHsRMIITER T &R R ERE &, o IR FEAHTH 58 E J5 0] =ik
916 MPa Fl 1220 MPa, [FBF{REFE 21.5% M IEMZR . HAl, @it 2 FRAETF-BOW I RS & S W T
IEHRIEEAT TIRARIBETL, Z-FIE#. MUl JZHM . L-C 8155 2 FLE o R 1E A&
SR AL 158 BE - LTI .
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FEE kPRl TIG /& Inconel 718 HE]EXT Inconel 690 H2LWR 45 # ML M B8 FIBZ

SR, BT, PR, TR AR
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IR N ZE S

TE8 75 Bk bRl @RS CUFP-TIG) REH BN Inconel 718 &4 (IN718) {E N [H] E Kk
Inconel 690 A4 (IN690). RIGHFFT T A2 EEEXT IN69O 23k M4 #4 . HLAM I RE A i Ak B &L
(DDC) UMM . SRR, (IR (WZ) TR T ZRTHY, A4 MC BURILYIAT Laves
FH, X EEHT H A5 ST o BIZE AR 5 R XRLER 2 (GBD w390 IN718 JZ2HIEE B FIT Laves #HA MC %
AT A . SRTTAE WZ FIERUN Laves fH5BARMILE & /1K, 2FEIC IN690 2k KPihiss
o fF 1.0 ZKFEER IN690 #:3k WZ Hi[1) Laves MHEEIEY, BRRAPHIEE (627 MPa),
LUNEAARGTE (BM) [ 96.5%. IR, & 1.0 2K EREELER] T Sm i Efs (35.4%). ok
AR AR (STF) MHAKH, £ 3.8% MINAZ T, Wi 7 IN718 RMHELRA L KEWD T 66.49%.
Rk, @0 IN718 HE)JZ 1T 53 G5E IN690 2k ML REFIHT DDC H Rt

E01-53

F BB A SBOCHALTTAR B &5 7T
ZERRER L, FRECNL Y, KK !

1 REER

RS RS AT  AEAE S TG S ST PR A R o) 5 o v s A DALV 75 3K, RSk P < Ja AR A2 i 2
W4 @ E AR L2 R R B, /AR E GRS GG &G &P e B B 2 kRe, BA
R BRSO P RS R B PR B E AR BEZE S W R RO MERE, SR e AR R FE B0 TT
F (Laser Melting Deposition, LMD) FEA 2% = Ti & SRR RS E AP0k, 45 2065 5T 3G 98AH /5050 5
PRAHI P PR 25 . DHFL R, B A TR IR B G M A T4 & a2 L2 S8, 7T B2 R LMD
BOBARAR MR A AL . T osmY 8, DU RERE AL Ti Rk 5ROl iE)z . il gE—F
R Ti & BRI AR IR i 0 A MRS KA, SEIARZAR S S B L Bt S 20K, 1% Ti BitkE
HERERIE T A AR 7 2 Re AR BAE RIS . IE L 20E G KR T A =, A, w4 R T HoAth
AL

E01-54
0 2R THT 0 R 5 = PP SR L e e R Y P ) 28 i R e A E T
R, TR, EE!

1 B RO

BN FE = WS E (MPTS) JREA B TR B PP RE  FEARIA PR Tt o7 47 QUL A T3 8
o SR, SRANRIGIER] & MPTS BN A AEREOK R 546 & 07 &, 2064 10 MPTS BEAYIS): RATRA
e FLTRR L2 B AR R A7 2 i A5 R T SR 455 10 S-Cu BT R, - HLIAMRAT 2 B 22 FEAIK MPTS JEE R 2
. B, RHIA TZAEMRM R %K MPTS IRAFEANIE ) ABUE LS Wb & 4 & B 2 45 1]
A, BRI T AR SRR e AL o A R g A r I BB R A2 AT A E SR (-SHD 5 AR B 1T A S-Cu B

AT, AT T2 WG AR R, $- R R T Z MR R % - MPTS fi#, A SEM. EDS
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H FTIR RAE T HI5EZR I MPTS BEIITESRI RSy, FIFH XPS 4341 T MPTS B b 2= 8 R R S, RIS
i AN ERAKIR I ST T it 2 5 SRR TEA T MPTS B0 A S R b S5 97 ROR 7R RE Al BRI AT
T BHAR EALKT MPTS IR S AN 65 bk B s A . 25 SRR BH, SR ri AR T 2R P 3R T il £ (1) MPTS
JRSPH s as, Si fl S LR R & S-Cu BB RGN . 76 s fg ik 72 v B 5 PE AR FRL A7 3 I, 97 A BT
H 2SR SFHNES . M AN 1.5V B, BEPUER KN 1.07X107 Q » ecm2. f£ 3.5 wt.% NaCl ¥
W 15 d J5 MPTS B SEE AR A AR A, BT 72 h vk S5t 5 aORE 2 1]t A HH L5 ok
WA EHRMR R, S B 2 T 5 S3RAERCAT T S-Cu B8 2 i R BARET,  SEUAbAE A 1) S 4 25
TR MR, SR FREACAIE T, AR T MPTS 2 F I . RN 1.5 V B,
MPTS 7 Filid-SH 5 Cu(DECALAL =R EM TR T, AMURTH T IEE SHEAARRE5E 7), R MPTS 43
TR T T B 5, R A i MPTS S50 B, b4 57 (0 85 Th B 47 R R R 4F-

E01-55
ETET RN EEK L 288 — 4 i/ R oK e et pbel

e !

Tk mEtE . mAaE e AR A IR BN (OER) R Ak 711 i R/ il SR B A (o 8 o TP RS/
A BHE S H A A TR I 3 8 A s S5 S T B . R MR e PRSI 5, (HILER
AR /N Pl e AR AL LA 1 BEATLER AT AS A 5 1) @ PR ) 1 LR FH o AR 98 05 T W 2 v A e
5 SRS G ver AR, R st e BLAE B4R 2k ) Y 4 AR S ) (MnFeCoNi)O 5
A 4 FeCoNiMo 9K LA B, SR A — P (IR 147 B 11 B8 1 2 AN B A KR S BIOnS o) 2% 15 i AL 1 B
A . v g i A AL ) (MnFeCoNi)O 7E L% 10 mA em? PRI AR Az 117 mv, Hom
JRAETETE(5584.3 A g )R BT 48 RuO2 (3.4A gy 3 MUER; BHE 4=l & 4 FeCoNiMo TERR1:
A BoR AR S i b R, EEDT 1 DM HMERSE OBR  HLALIN S A SR CRFFRI A FRLIRE )
98.6%. LA W 7145 7840 o H R 4 S A RME S A AR B AR S, v PR AR AR A FEL AL
UM BHO T R IR AL IS Hg S BRI

E01-56
A SR S MR TTRRT Me2Si M U3 S A AL
ey

1. [E WA R 4 HL 2w A B E TE e

RFAGEHER. iR, EREL ERAGEIEAREZNS. HiaaemBEERE, T
KB AR i i 175 SO A S KB R R D85k, —ias. AR, @I, 8O = i e H
MRl Tt et WIS, oA Fe S S B S H I R A A1 0T A el A D & e T R RO R
W TR KR AR BRI — o TP S R Y e A 0 45 < AR IR [R5 L X R BB R
Xl LAY MgSi HHEA MBI AERE, AW TE ST R & S i rERE. 281,
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HI T LB 26 AF S A4 MeoSi A 2 BRI B SIS, W o BIERIEAR, A krh,
THEERIAERE, RE 7B Bk, X MgoSi AHBEAT IR SRR SR R i Ak A PR R A5 iR BE Mg.Si
SEACER A BRI SO . AR SCIERTIIRT ST LA b, B 2B TR E AN, AR, R
A% TR 1S 2 A7 1A B R RS MgoSi SR RSFRTESR,  #87R 2 e E e s AN R
ESEAE N P A/ SE AR AL MR E IR S5 T MeaSi A5 BB 1 5 i 4544 5 3
fib, s RGO AL R BRI B, RS RE 22  S 8l 705 LRy
B, TR A X R A0 MgoST I RIBLRIARSS &, il 86 ROT BEAEL TESAT 42 (1 MgoSi #5540, A HL
e Ik BE T el B0 15 < S8 PLIB LA

E01-57
PALENTREEAS T Nb Cu-Cr-Nb &% Cr BAUHKER K =R /176
WRERBR L, BRECN T, TR, XIRMR ', SSEE L XKK!

1. REERY

71 Nb Cu-Cr-Nb & &/E =i N RA IR NV REAT S Rtk 19850 T A RHE R Tk ) iz
R o ASCHFFE T PUsbe sl Al S A BR X Cu-3Cr-0.5Nb  (wt.%) & &t HAHAN =R J7 24 M BRI 5
Wi FEPRIELESS AR RE R, BEEh IR LT R S i 1 A B0 AN A R RE TS 2 H B 2 1
FORAL, HRE A5 SPGB T2 A BdEH s Cr mAHRIE AL R . FEXT & g S G
BB AL R, 2 A RS A 5 6 SR = IR RE S VNG . BURI Ja SEHAAE PR T
AECRRR AT T ARSI RT4R &, 5 8T CroNb ARTEAZ T, T BEAS A7 #5128 3) I 19 5% Orowan 3244
HUA, e fil & < BAT e R PTIL om BRI B ) JE S AR BER B 3 3R AT & Cr AL CroNb A
IORT S AR N B A A= erl Kt

E01-58
BEESRBERDA
WURAE !
1. ERBHCR

N T SEBR G R EEER, PR T MBI UNERRE ., BUNERSCIRA KRN, BRI =
PRI EOBLBRE RE o BT Ve fo 1 RBULF 95.6%, LB Hk REGHEI 100%, TSRS E S
Jiid o FER AR B BRI TIERCR R AR L R 548 o 5 B SRL S5 A A 305 2 (T R G0k
PR EBIEAR T o VS E AL B S A 1 A0 A5 A, (Bl TR AN TAEAL, AT TR R R B ARk R A
RMHTIT R T RAE AR & G B B JE S L P A IROR IS FE 0, AT BB R. HUESE S
PURI IR TR
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E TR 2 BERENHERE A B SR it
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1. RERHE K

) R AN S b T KRR, R S A (3 OB U H AR A R B AR
PR E R, LB IR R G e R AR L S YERE SR R e R, AR,
FRGi “ 2Rk IR AR, BT BRIKE, xR REER & S AR AR S g AL i SR At
AT — JPR TR G SR, B L. BAERIR B RN R
JiMERE R E ST, PR EIERER G M RHR RS . L PR T mikE T AL-Si-Mg-Cu 54, K&
T MR AT N, BT e E T B AR SRR, Dl 2 B R T KR R Ik
S R PR 26 7 SR IR LR AN -
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HEE HBEMAL R MR ARG EH &5 T2k
gt RS, e
1 BRI

JHEE EUE AL R LR AT v 1 BRI RN FL DL RS IR mT 28, Rl AL BRI IS5
SIS o BRI L2 R b FLBIEABOE N T4 7 vk i & R BB L e Jm N, (BAEEE L
SRR BREORE . BRAER A il i RS 52 FREUA 7 B 1Ry LB HE DL A2 A R A AS7 AN 7] J5E EE A g
BORGERE. AET I, AR 1 FMESAS . =GR K78 B B Gl L e g PO R G el 5 L2,
AMLAT A B8 N L IR L FRARCAS, RIS 3 AT CAEAN RIS A T AS DA ARAE SR A R, S
JHEE FUEMAL & RS SLEKN LA B FLEE ST AR AS R BB LI 76 4 REA S E XA
RS o A SC DL R ELE AL AR WY il e B, Sl RO AR AN S 5, AR ELE AL AR N
W RER 5 1 A I O AR, R A DIE BB PR 5R ARG 4551 55 A T B RO SR HB A e A R R s
BoP, BT RIS TR, BB S AR TORYT T Be Sl SR AT e o v B ELE AL . M TR
TRE DR AN TR L ToE 0o 0 T AL AT X s 1 o B s e Ok LT 7 17 P AR (1 7
TRALANGE A 5 1) 4 10 7 ESE A LA 0 P LA RN AN FLBE R S IR R 2R

E01-61
BOLHRHIXT CFRP [5eH 51 H 58 BE R MR 73
WReL 5!
1 [E R
BOLAB LI ST FTERR. it B S5, FERRET YN st 2 (CFRP) R & MRIR S
PRSI 7 ERHI N T 7T ASCR BRI BO R CFRP R I BAL AV EREHEAT %, PADGEIR

PlkRe. WHE T AFNKh 25 CRfER, R, 98B0 X CFRP RIEH. ffbf. RMmAefR
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R, s AR BT PR DL ACEE R, B T A RIRE A%, CFRP B &M BHR R L 5
PITERI A bS] . 45 R, BRAF 4T R G #R s % B MR e, WOk RN 4 mm. 8 mm Al 12
mm [, PR CFRP B &M R H R 5 R AL EE CFRP B AP RHH L 43 A3 = T 110.5% 113.16%A1
103.28%; Bl A FARERE I N, 255 BE S RGN o BT RS FAIAE SR 5 #E b e A2 SRV A T 5| R RS )
RG-S Y R, =Moo TR Re e s Wi, Hh O mpya il oA F) T3 s pisysmps, [JMp
050 BB 5 AR e RS BB 5 BRI
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E01-P01
R T R5 Ab BRI 73R R TR R A S X AR A A A 2
B, i, pAEE !
Lol RS AT AR X

TREMRHEIR I B W H S . DI RSEERE, AENTE IR SUIN ) 2 o R R B AR 3 4
TNEBAARNEIRAE B [F, JE AT 5IN—EREEE R RCR, Sy 3 o 1 ) BT 7 0 B A BE
EREe, MAIWIAL (WCLSP Al SP) FIRCR B8 g Ja A IR IR FER P H R RS k. 25 53R Re . B
AR SR MR EEAT 0, PR T AR L o 7 2 BL A RO B R R I 2 JEa i
AN ERTEA, RFNERT A RS HAVER, BRI TZ, R REAREE, KB
TR PERHZ R . AHIETE o 1 BB IR AR i L Z i A RHEIRAE AT 5T N SR AL BOR BN, 48
71 RO Y BB 5 TR RE AR P R B R AL 1 LA o

E01-P02
HERBEAR A T EXHFRA R MR E AL FIE R
R !

1. BT IR 7

IR B A FN B AE DK B (10 G LN B AR B W H K, DDA HIIN R] . S mvA H1385)
PRI, 3 AT DUE e R il 5 3 P 503 o 3R T 0 i A A SUPE RE AT RS o ANSOTT IR T F AR J AR X
A G A E I R 3 RO BT AR ok A PE iR B A 7T, R G b TR A HI T 25T TF,
LCAK FilfE i DP 4N =R ALk B PO UM Re o . B SRR, AARAHRAE T, G4
H/NF 0.1°C/min, W HIEFREICHZENE A BEKGERE; REAA T, S EIET 7 5, BB
LIRS . Tk SRS 45 R, SANFAFL G A FE 7 10 M RRYY SIPE ARG BTt Tt MERe Dk Bl IEFE PR T 30-
50%; LCAK SMERACAIAETR > B> 20-30%, AR G H 2.6% 5 M2 3.4%;: REAAH T2
i DP590 #t3 J2 SGGAHARIRES, (2 ny AR A AR R,  Hoal 4 e IR B 3 (E i e 2
30MPa. SHXFNEALER R JE B RS 30-40%, B FeO FrEdfiin 10-20%, k&% 5345 Siv P iERE
ERMHE N AOFE T KRETWASRE, W7 A RN RREAEITRERE, AREIR A
HIBRLEROM 2L 2P Rz o R 2 FH B L T

E01-P03
BREE T EXT XU R G5 1828 Je e gt YR RE UL T
BEOCHS ', ZRARER Y, ATAE Y, EERIY, AR

1. b Tk K2
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ARSCLAEE G 3161 F1 430 BRI AN IEATRL, SR B BRI IR 77725 £ R XU AN SR AR R, BF FEAE 200
t/min F1 800 r/min N AT 0~20 h BREE 5 XUH A EE AN R G5 FEE AL . S5 RR I, BREE IR R FEBOM AR K A4
AR, BEERESETIAAEAS, Ky AR T8N ELIL Rk g5 46 1) AR AN 5748 4K, 76 800 r/min BREE 15 h
JE 13 BB 2 R /MO S AN AB AR A, BREE 20 h J5 i T RESLAERVEH S0 R HBA R . Bt s,
A, LR AR AR 45], 4 800 r/min. 15 h BREE J5 B4 A RE IR 5 17.23%.

E01-P04

BABOCHER FRI B TN SO A SUME BB Av-ag & SHRRT
UESH

1. EBEEB S BV BRLART TR

FA T2 v R G SR PR A M 2R T 45 B8 TR 5t B 9 RRL T oAb 2 3R i 7 — R L 2
& BYUKKT (Ag. Au 55) 5 Wi S A RSB AR, AT OR =3 26 1 45 55 1R 3Lk (LSPR).
R B FARSRIOCE R P P2 A SR AR T, NS5 RBL. SRR T B EgIK S
PR S S BT ids S22 851k, W CO, IR, Hy fRES. FUKZME . BARKIN S & FRIRsh 1)
TR OB O T 12 BT, AH RTINS B TR T4 B R AR N A 08 . 523X BemfF AL S R
TATHEH T — il i R 045 5 AR F BOGIE R RS 45 520 B Au-Ag & S 9KRFIFH7 SR8, B 9hF)
WG 532 9K KM HOLIRR Au IRIART Ag" FTIRIRIIVR G40, Au U2 B ot ih 25 51K b
1) Au BEREIE1, HA AR Au PR FERA AR SO T 2 RERFEIR L= WAREE M, P
LN 11.69 nm. TERKMEOCEEIR Au kS AgNOs ERIREY, 30 min J5 52 P3R40 3 nm o)
SIS Au-Ag G EPUKRLT . VEAHI SIS RALHAE RN T BB Au-Ag & S 9PKBR N BA] 1) Au
YeKEES AgNOs R IR SRR RE . A7/ A58, IHE Ag B 710 Ag J5F il 2 &R 1 5%
BRI T 51R I, 1X9 Au JE TR Ag JE T2 R A ST TIER . thAh, A E T R s R E R
I Au-Ag B SRR TR s E M, X — SOt fME T DLVO MBS ATIESL, Xa]
BB BRL T 3 e e R P 3R T IE L. iz, FRATAIF R TR T RS TN RHE& &M, I
SRy e R AR 1) S B AR SR A O R KL T B AL TR ) LA

E01-P05

Composition Distribution Simulation of AlI-Cu-Mg-Ag Alloy based on Phase-Field Method during

Solidification
Linghao Chen !, Hong Zhang !, Shiging Zhu !

1. University of Science and Technology Beijing

Al-Cu-Mg-Ag alloys are widely used in aerospace due to their excellent heat resistance, high specific strength,
and good machinability. In solidification, the compositional distribution and segregation of the alloy play an
important role in its properties. Therefore, in this paper, the solidification phase field model was established by

using the phase field method to simulate the compositional distribution of the alloy after solidification. The
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experiments show that the solutes are expelled during the advancement of the interface to the liquid phase, and that
the content of each element is higher in the intergranular than in the intragranular, with the most severe enrichment
of Cu, which exists in the form of 8-phase, and a lesser enrichment of Si, with respect to the Mg and Ag elements.

The experimental results are in full agreement with the pattern predicted by simulations.

E01-P06
T EEOt a5 RN U B AL S Tie0 & SR IERE RO 4 RAER S A AR e 34
Phiz 1, B4, pAEEE !
1. &R K2

Botrh R (LSP) RERSIRT AP RLIIPUIE ST . DUBTR S R IAITERE, (HH N 52 BRI PE IR Z BRI .
R, Ok AT R T ERE RO R (LSPwC), {HXT 8K A 438 TH Ak Ab B i 28 57 M AN sz frw
IR AR B (AR FEAT AR AS 2 o ARSI o AH Ti60 AT T HUWE A (SP) I LSPwC AR B 5 (1 A0MH Lk
PERE DL AR S A IR S5 5 AT THFSE . 45 EoR: SP TG NI KIR AR KR /1°8-549MPa, &
T LSPwC L Z1)-392MPa. #A1, SP LZIEMMERR KRN JEREE N 280 um, KT LSPwC T.ZI] 370
wm. SIS ATHIEE T (FWHMD 081 & BL, SP TEAE 50 um IR FE A E M AS LA BE fc K, T LSPwC
TZHERE BRI LR EOR, BT SP TZ2,1X 5 SP SRR 1y “HEsiftt” 7
ARRFIE 25 AR R AP T 238 S EORME R 2 dfi i, b SPACER 5 (R W3R 2 s R 40 AL FE B L
KIZGE, (AHETYREARL, SMAIERETE DRI 1 LSPwC A3 )5 1AFER ZAAER
B, SRR AR RS AC. LR kP, TEREMSRZE U2 150 v m IREVERIA, SP L MR M
R T LSPwC,  BISER B IEOGRE fE 1) LSPWC 17588 51 NBE IR IIFR AR LT 2 B

E01-P07
Interface enhancement mechanism of rolled Mg/Al clad plate with particle interface control
Xiaobao Ma !, Peng Li !, Tao Wang !, Zhongkai Ren !, Peng Chen !, Jiang Ji 2
1. Taiyuan University of Technology

2. China National Heavy Machinery Research Institute Co., Ltd

In this study, the cold-spraying process was utilized to deposit Al particles onto an Al slab, an Mg slab, and
both Al and Mg slabs to form an ultra-thin interlayer, and then the clad slabs were rolled at 400°C, developing three
roll-bonding processes: the roll-bonding process with cold-sprayed Al powder on the Al slab (CS-Al), the roll-
bonding process with cold-sprayed Al powder on the Mg slab (CS-Mg), and the roll-bonding process with cold-
sprayed Al powder on both the Al slab and the Mg slab (CS-Both). The effects of three different cold-sprayed Al
particle interlayer processes on the mechanical properties of rolled Mg/Al clad plates were investigated to improve
the mechanical properties. The microstructure, texture evolution, intermetallic compound formation, mechanical
properties, and mechanisms involved in the Mg/Al clad plate rolling were systematically investigated. The results

showed that the pre-bonding between the particles and the substrates through cold-spraying had a significant impact
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on the bonding strength of the Mg/Al clad plates, and the CS-Both process can increase the average shear strength
of the Mg/Al clad plates to 49.24 MPa at a medium reduction rate of 37.5%, 2.5 times that of the conventional
rolling process. The CS-Both process constructed more evident dual microscopic three-dimensional interfaces and
promoted more thorough atomic diffusion at the interface through the double-sided cold-spraying process.
Meanwhile, the dual cold-sprayed Al coatings on both the Mg slab and Al slab underwent dynamic recrystallization
during rolling to form a homogeneous unit with no additional coating interfaces. Fine grain strengthening and
dislocation strengthening were judged to be important mechanisms for improving the mechanical performance of

the interfacial layer.

E01-P08
Allvac 718Plus £ 7 K BOL R i 58 ZARBRARAT A R U R AT A BT
JERRGE Y, AR, ZEeh k!

1. REERY

Allvac 718Plus &4 & —MHi v ' Ve BB IE SR & 4, 7E 704 °C LU R BA LT 1 #Fa0E A LI
PERE. R TAERIFL THES 704 CHI 760 CHRIAN S, G4 0EE AT (ry " AHFHAGF o A
(BT D e T = IR R v LA P RE R ST o 455 SR SR B« T v ) T 0GR P82 AR B K P R A0 ) ] B AR iy
FHIPRACAD o AHOHT H, IAR UG PLRR B I PR EZ R Ty Bk, H o AE RGNS K
AL FREN G EReA H . sA, R SRR IS S AR B B2 o fE IR BRI v 2k
(AR ML AP TR S, 78 sl (s DU IR 5 T RO 2 o T DTIE S A ATL i1 5 e 280 Ak B R A
EA K, 2704 °C/100 h B RERAEAE IR G IR 2 LA A UL v 32, T4 760 °C/1000 h B
ROAFEAE IR I RILH Orowan S8 A df A% 255 BY VIR S UTve s AL, 75 iR b i R 3R A7
EE DI A S AR E BT DI R A L o
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RFWRIC
E01-PO01
Effect of particle size on preparation of Zr-based amorphous alloys by SPS sintering
Xiaohong Su !, Wei Liu !
1. Naval University of Engineering

Three kinds of Zr55Cu30A110Ni5 amorphous alloy powders with different particle sizes were sintered by
plasma hot pressing (SPS) method, and bulk amorphous alloys were prepared. The densification mechanism of
amorphous alloy powders in SPS sintering was analyzed by punch displacement, density test of sintered bulk and
morphology observation. The results were obtained that in the early stage of sintering, the powder was densified
mainly by mechanical movement and particle rearrangement, and the densification effect of small particle size
powder was better. With increasing sintering temperature, the densification of powders with small particle size was
mainly through Joule heating effect, while the densification of powders with large particle size was mainly through
plastic deformation in the supercooled liquid region. Under the same sintering conditions, the sintered density of
amorphous powder decreased with the increase of particle size. For powders with larger particle size of 106~250pum,
the hardness of the bulk sample increased due to the precipitation of nanocrystalline.
E01-PO02

KRR E BE AR KRBT
FRED T, SRR 2
1. E R R
2. ERR B AR AR T T

BT T K R BNV 1 R BEEE R RIMA J, VA9 25 A i & B R 7 UM R AR I R o % 241
T A G HOR B S BB AT 7 E 0 A, SAR G & 77 sCEAT R X B, A5 H0 UG Rigs T RTE R K e
Jilal, fRARKR Tt — B0 5.
E01-PO03

Composition Distribution Simulation of Al-Cu-Mg-Ag Alloy during Solidification based on Phase-Field
Method

Linghao Chen !, Hong Zhang !, Shiqing Zhu !
1. University of Science and Technology Beijing

Al-Cu-Mg-Ag alloys are widely used in aerospace due to their excellent heat resistance, high specific strength,

and good machinability. In solidification, the compositional distribution and segregation of the alloy play an
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important role in its properties. Therefore, in this paper, the solidification phase field model was established by
using the phase field method to simulate the compositional distribution of the alloy after solidification. The
experiments show that the solutes are expelled during the advancement of the interface to the liquid phase, and that
the content of each element is higher in the intergranular than in the intragranular, with the most severe enrichment
of Cu, which exists in the form of 0-phase, and a lesser enrichment of Si, with respect to the Mg and Ag elements.

The experimental results are in full agreement with the pattern predicted by simulations.

E01-PO04
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AR !
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E01-PO06
Simulation Study on the Diameter Expansion of Spinning Cylindrical Parts
Haibao Wu !, Degui Liu !, Jianfei Wang !, Jun Tian '

1. AVIC Manufacturing Technology Institute, Beijing 100024, China

Spin forming is a highly effective process for shaping cylindrical parts, yet there are few reports on the
simulation of the relationship between spin forming process parameters and the quality of the cylindrical parts. To
further explore the impact of various coupled spin forming parameters on the quality of cylindrical parts. The
material studied in this paper is SA06 aluminum alloy, and this study utilized Python to develop a secondary plugin
for Abaqus, establishing a spin forming simulation Abaqus plugin. Using the orthogonal method in Isight for
experimental design, the influence of major spin forming parameters on the target variable, Diameter expansion
ratio, was determined. Finally, Isight was used to drive Abaqus to optimize the feed ratio process parameter. The
results indicate that feed ratio, pass reduction rate, forming angle of the spinning wheel, and spinning wheel fillet
radius significantly affect the expansion ratio. Additionally, to ensure the subsequent pass spin forming of the
cylindrical parts, a certain expansion ratio must be controlled. The simulation results of this study show that when
the feed ratio is between 1 and 1.5, the expansion ratio can be controlled between 18.6% and 6.9%, providing

valuable result for precision spin forming of cylindrical parts.
E01-PO07
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