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Abstract

Thin-walled casting of aluminum alloy with characteristic of light-weighting and
good mechanical properties has good prospect in producing large complex structure
such as vehicle body and automotive chassis. High pressure die casting (HPDC) as a
quick near-net shape forming is suitable for integration design and integral forming of
these castings. However, there are several problems in thin-walled complex structure
die casting such as low filling capacity instable microstructure and mechanical
property. Therefore, the study of flow behavior in filling processing, microstructure
and mechanical property of thin-walled die casitng of aluminum alloy can provide
theoretical guidance for HPDC processing design and optimization.

Simulation model for thin-walled die-casting of aluminum alloy was built and
coupled with experimental result to study flow behavior, microstructure and
mechanical property of AISi10MnMg alloy. The viscosity of AISi10MnMg alloy was
measured using rotation cylinder viscometer and its characteristic was also discussed.
Interface heat transfer coefficient (IHTC) between the casting and mold was obtained
by experiment. Viscosity and IHTC between the casting and mold were used for
simulation. Simulation model is evidened by comparing simulation and experimental
observation. Fluid dynamics parameters during die casting were calculated on basis of
experiment. Flow characteristics during the filling processing were discussed by
considering fluid dynamics parameters and simulation. The model of metal liquid
filling for thin-walled die-casting of aluminum alloy was also developed.
Microstructure and mechanical property at the entrance of fluidity specimen and
along the fluidity length were studied by simulation and experiment. The model of
porosity distribution along the fluidity length for thin-walled die-casting of aluminum
alloy was established. The simulation model was successful appied to optimize the
technology of thin-walled aluminum alloy motor cover. Following results were
obtained:

The rotation cylinder viscometer is suitable to measure viscosity of aluminum
alloy melt with characteristic of non-Newton fluid. AlISi10MnMg aluminum alloy
melt displays a series of changes with temperature decreasing, contributing that
viscosity evolution with temperature decreasing can be divided into four stages.

Because of fast filling velocity and short filling time of thin-walled casting of



AT

aluminum alloy during die casting, there are two different stages during filling
process: one is liquid filling stage; another is liquid/solid filling stage. IHTC between
the casting and mold of these two stages were obtained and discussed, respectively.

At pouring temperature range of 923 to 1013K, the critical filling length of
thin-walled die-casting of aluminum alloy is in the range of 510 to 810mm. The
following fluid dynamics parameters during filling processing were obtained from
experiment: Re <2000 and We >> 60. It can be concluded by coupling fluid dynamic
parameters and turbulence simulation that aluminum alloy melt fills the cavity of
thin-wall fluidity specimen at a high-speed in the form of laminar flow with the melt
free surface breaking into small droplets. On basis of above conclusion, the model of
metal liquid filling for thin-walled die-casting of aluminum alloy was built.The
aluminum alloy melt is always in the form of the spray and the “Full thickness”
during filling processing.

Coupling simulations with experimental observations, porosity of fluidity
specimen of thin-walled casitng of aluminum alloy along the fluidity length decreases
firstly and then increases, suggesting that the model of porosity distribution along the
fluidity length can be divided into four parts. Density along the fluidity length is
affected by fluidity. Primary a-Al phase is refinement and uniform with pouring
temperature increasing, while the distinction of primary a-Al phase along the fluidity
length can be neglected. Mechanical properties at the entrance of fluidity specimen
firstly increase and then decrease with pouring temperature increasing. At low
pouring temperature, mechanical properties dramatically decrease and are mainly
affected by porosity. At high pouring temperature, the difference of mechanical

properties along the fluidity is insignificant and obviously influenced by pressure.

Key words: AISi10MnMg alloy; thin-walled die-casting; fluidity; viscosity; interface
heat transfer coefficient; porosity; microstructure and mechanical properties;

simulation
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b+t

(3) kX TG SRR AL R 2 B2 8 X E RS, H)
SEAEE M E S RS G, KA MBS AR, ¥R &M% 4. 1F Han™)
SRR A& T 1.0mm BEE R A, RAEKEE 914mm, FXxf 4
B HAE MRS . A356. A380. A319. A390.2 MM sh R B KE#HIT THR,
B3 A 0 78 B B2 b B IR B AT AT 2R ) 2 1 R kAT B AT

NI, ATHLLL AISilOMnMg 885 & N AN %, B rEs THEEEG S
JE 8 W B 07 AR AL, AR5 I8 0T R B A R R S e e, R S A B 17
FLAH 45 & 1 07 VE B 90 3 BE AR A & 0 R 86 78 AL R IR B AT N R 2R T v e
M, AEBEEASSEGHMERE L) Z MRS AR R AR
IFEAREZ M 1.1, TEHARNFECEETLL NI H:

(1) JEBEER & 4 1 1 5% HU(E 0 A

K FH e i e kG B I E - ALSi10MnMg 8 4 4 (kG B O 10 JLARAE, o
P17 7 AR HE T 85 40/ B i e B R HOH A S, AR5 8 I R B SR SR LS H
THE L S #  REOF AT 0 KR S BN L A RN H T B S
G PR B B A 1 RS BG4 SR L, B IE BT A LB B ) A R .

(2) HEER G &M R 2 MR AT AR

SGEUTETREBEES SRS R MRS KA, Wi sl s o R R
R R A 32 SRR AE, ARG THE R 55 I AR TR AR 71 5 S 8 Re HURT We 30, 45
G BN AR BB R AE AT PR, R LM REER A S 0F R B B & JE VR A B
W,

(3) HEERR G SRS H R K F Rt 7t

SEUTEWRERES S RSN DG REMSRIL. HE. A
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e AT

IR J g, HEIR R M ERAR e e, &
AN

in il .

i

<

HE

AlSilOMnMg 41

CEA RS

| e e

e

v

Gt 1 e A HEEAR B
FRHOR R J 55 52 5

A

W READ B < I 5

\ 4

HOfE 07 B g 5T

v

HREAR B < TR B S
RGN AT W T

1.1 g CHEZR
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AlSi10MnMg F#EEER & & R BT A R FLH 23 3 fe

F2E MBRXKERHE

2.1 SEREMRHHI &

2.1.1 EE€EWP

T FEUE R e A B Re J . RN R AR B L R A 2R A A AR it
Prom . R ER, AL Ll ALSi-Mg RAE & NER, BITERE T
AlSilOMnMg & &, HECH ANk 2.1,

R21 8T (Ww%)

S A 4 Si Mn Mg Ti Sr Fe Al

AlSi10MnMg 8~10 0.6~0.8 0.4~0.6 0.1~0.2 0.01~0.02 <0.05 Bal.

KT R Fe MBIt RMEE, FrHMEARER Naifh 5 (4
99.9%). HGHEE (4ifF 99.9%). i (4ifE RN 95.0%LL b)), gigkse (4ifE
99.9%), FEWRMPUESELILEN Ti M Sro N TETIHESSRE B, Ti
1 Sr T E 4 B LL Al-5Ti-B 1 A1-10%Sr H 854 & R mA .

2.1.2 B&B%

G & I 1A I A SRORS 4 3 3 L RE P rp 3 AT, X T R B R B I R B A
— R B AR R AT R R A FE RS R A TR AL S BRSO R . i Ak R AR R R
B 2.1 ) T T2 R D A = S

AR bk | IEfeaign R Tt Tn &g
(673K) 1 (973K) (1023K) (1023K)
A\ 4
ALl-STi-B4IML | HEIE | CoCle BR T | I RIIES S
(1013K) | (1003K) (1003K) | (973K)
\ 4
Al-10%Sr 48 i | R E
(1023K) | PR RE

21 BEIZ LR

MR R el BN R 673K, 8 AL BE N TG 8 3 4 b B3E 4T TR
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LA

140, J A6 J5 THIR 22 1023~1053K 0N B gh e, fR I &8 i A I AL, S8 )5 72 1023K
KA ENVEIN B 4, PRIE 5~10 230 8h, SR )5 78 973K R R ANVEMA Mg %€,
PRI 5~10 43 Bl 5 18 %8 1

LR BRAUCRH CoCles 4479 AL-5Ti-B, AN Al-10%Sr. ¥
ISR AE 1003K fril, A BN C.Cls K A BB PR, REIE, 7£ 1013K
B E Rl 10~15 708, R JE N840 AL-5Ti-B, R 10~15 048, &GHE
AR Al-10%Sr Tk AR &&EAd, JHER 2 1023K § & (Rl 10~15
orEp

2.2 FHEMNE LW

3R ZCN-1600 5 i 2 7 K5 5 1100 2 A1Si10MnMg 48 & 42 15 1 BRS 5
b T R R g o N NG e S B O L S 2 B e o N I AN B =
HJE G 0.35L/min J A IR BE, AR UGN e o ISR AR I E T v
T 5E B 26 K W T 00 Sk Ao ON b vHE B BRI R 20mm R, DS AR B . BB NI R
M kAR N 255 & S5 4R 20mm 8, WAL BE . & &ALl 10K/min [,
B 10K M — VRS BEAE, B 248 A &0 Ok B i KT vk gk 22l & 0 1k o

2.3 EHLI
23.1 AERSTEM

D 206 ——»
—>

A N
— T
\

Bl 22 #EE#E S ESEREIRME (Fluidity specimen) R~FREE (B{I: mm)

HAT, A% G0 R0IR 4 25 5 AR 4 SRS 45 ) 1 1002 >R B R A AR ol T AR 5 4R 4%

15



AISi10MnMg J# B & &1 BTN T N LG 21 RE

T K o & 5 AR E B — M AE 0.7~1.0mm 78 I, 0 2R & #6858 ) 2
LR HEENEEESM 3 5, WEESGE&REMHM - RBKE 30%I1TH
(5=8,x3x(1-30%), S NHEHMEERE, o NWIREEE), B 5 i hl1F B 2
N 1.47~2.1mm. RN [ iE B HERNBREAMR, AW FRTZECT IR, &
BER SRR RSB 2.2 Fron. HE 2.2 A7 50, MBS & 5% I3l ik i
(Fluidity specimen) % [H IR R ~F A 10mmX 1.5mm, 784! % A B 42 (L 4b 1)
MK TEN 940mm. HEEER BN IAFE B A B MR & & R 00 T A R AR BE
(1.5mm). TRRE & (R M B EEBEQIREHA 84 90° KM (Corner point) .
RSP R CGEHBE L ) A 940mmD)
232 EHERERIZ

Kl 2.3 NEEERR &SRR R, BEBEME Y HI13 40, BALA
Het A E RS KW . 72 BB BN &R 22 B A T I00 & AR 5L T R 1 A

LA, A B R T 3.0mm.
E =y

23 ESRIXHEER

R22EBIZSH

T2 8% AL B
18 3 3E %/ (mm/s) 300
P S E E/ (mm/s) 4000
F 18 % PR [R] /s 0.6
£ % H 4 /mm 60
JE 5t /M Pa 40
B R E /K 355~475
BRI /K 923. 953. 983, 1013

JE45 Sz K B J1113G BEN S A SR &6,
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LA

TR, RSk EAA 60mm, RS E R N R LT I K H 40MPa. 13
PR TR BevE A K A B SR BE 2 Al B BT S S N Il s o LR R F R 5
WE M7, ERXSLR ATl E 5~6 B, BLUE KA NI USB-9213 # 5 &
I 5E , REMZE N 100HZ, B EE R 0.01s, HHEAAAESZ 0.3mm [ K
A, BAERSE T2k 2.2,
233 RBRE., REEEXEKREG A

e 2.4 fros, EEFMKIEE LR —ZSHNESRY, LSRYEE
SP Sk iR AR FE AR X Ef L, S HYIZ S Pk i REDLAKE & S g plid s, id
KHFE N 1000Hz. 38 1 FAR EG W 2043 R oh Sk s sh L # /i 18] L, — ¢
2%, K5 o S b Sk 32 B AL RS /IS TA) L, — ¢ 2R SR S AT R G Sk s /S ) v -
2k, 70800 AR & I 20 R E B A S Il 2 R i B, T IR R S e
A A v BE L B R P 00 R 56 T Bl 7 B B[R] N 7S B e A .

2.4 E5H MRS RY

2.4 HAHNFMHRERIE

2.4.1 BUHLE

f"\g gﬁ 7\1

[ l
‘ l y

= | ____

. 4
| |
y

25N EREE (BB AR MXHEREMLE)
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AISi10MnMg J# B & &1 BTN T N LG 21 RE

PR RE L B I B A B 2.5 Pirows s RR O g JE 0 7)) R At
FE, PUIL S oy PR ANUES B2 TE o BRURE AL B v BE R B e N 1AL R BRI 03 S
45mm-. 135mm. 235mm. 330mm. 410mm. 495mm. 575mm. 645mm. 715mm
H1 805mm.

242 ZEMNE

P RE R B K A K vk, PR SR A BH-300 M B RCF, iR AN

:M (2.1)

_n
p V m, —m,

R 2.1 0 p NIRRT ZE (gom®: m AEWRFETE () VRl
PR BEAR R Cem®) s p, NAKBIEEE (g/em®)s m MR BE R IR A i A i B
(g): my RBEUUNKEAR I HBI B0 R (@): my ABEARRUK MR R (o).
AR E 3 &k, BCFE.

243 £HEEAIFRI

WK 2.6 s, SMAHHASWEERHANXE: 1D KPR OMEL; 2)
FESET B IDFAE L. SHEHSURHMEEZ A Axiovert 40 MAT 4 AH & 4%
MEL, 4 HHIE Fr4b 38 5% FHl Micro-image Analysis & Process 441 B 1% 70 1 & %

%)_—T‘t‘

A RE O A B

26 HEAANEXFHREE

2.4.4 NEMEERIE

| P e
Y D o~ 5
: CON——,
1° Lo
e
o
| 02, /3 o

27 pifR RS RERE (BA: mm)
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LA

JHEBE RO R AR RO WL 2.7, SR DI EIN 47 1 hr Al e DL 25 8 304
WDW-1000 L il B 7~ 75 fiE 12X 36 WL RE AT S 81 S8 96, iz 4 38 5 22908 0.5mm/min.

2.4.5 BrO 5o #r
K H FEI QUANTA 200 PR3 39 8 5 85 % S A 3l BE 247 b 0 2l 4 2 52 .
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AISi10MnMg J# B & &1 BTN T N LG 21 RE

EI3E FERSEHEBRENEER

3.1 KES|E

FE 4% 3o A 100 V1 0L 8500 07 20 B AR T LA T 78 Bk B b R A LA B .
B BAMANSERN, HFREARNER T %, NTRE TSR, 4%
BER AW, BB R R0 R PR TR 0 R R, AR AT L R
KGR, FEA 7 AR 5% 3 ATl 0 B A HE 25 P04 4 ik B 47
TR 0 R A 36T 0 (0 M 23 R AT B 1 34 SR AR, B E AR R 2 BOR, R R
UL S S E S Q0L I i A L= I ASS I e o 8 i ok Y
i FEE 23 B0 L P W 76 B0 0 0 2ol R o 3 8 R b PR M D T, TR R B B 0RO
PRTE TR0 P I BT s 6 1/ 80 L THT 00 i 2 000 8 4% ok 4 1) 35 30 s 7 7 0k [ 3oL 72
bRl B R TR I, T L 6L R SR R A B i 0400,

SRTTT, B A B F 90 T AR 3 5K P B0 0 2R AR P % 2 75 2R AT A 40 4 AT
i FEE 23 R 57T 4 1A R B — RORC P 0 B (8 o 0, 3 4 B R 07 20T B TR
PRk, A B UL ST W BE AR A 4 TR R MO U7 OB AL L 3.2 A B A fr g ST i
B 33 Wi A S IR R AE s 3.4 958 it 5200 H B SR R T AR AR A & 1F
FE %5 5 1/ TR0 5 THT 0 R B

32 BEREmAESHESHERERENENT
3.2.1 EHlAF=E

AR LT BE R A < A R 5 B 07 JOBR R B L T Flow-3D IR, 7Y
A AR < U B A U A 3l 0 s U, AT B R S AR N Bl S E 1 AR
PRI AR A . WA IEEh S RE R, AL ARG R S ok, B RERE Ty
FER AR R LA AR AL . i R M IR ERAaF 2 kERR, MK-¢
7R SRAE , KAFMBNBE TR, & NFEIH R 7 21207714,

R REE G RS, BRSeEAEEA TR RE, Hinshidk
H A S B S B AN B R SR, B KON IE S T R AN N-S T RE .

(1) EEMETT~E

l):§z+§K+QK:0 (3.1)
ox Oy Oz

A3 1H: DABME; uo v wHEFERELE . v z A LWy E. EE%ET
FEiE R EFEES R, AR ERAEN S, AR EE 0] BLE L
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LA

NEERERHE N T . HRIE G R, A 5 — R g AR 2 () i

RAKE— € ZETRENE.

(2) N-STF2
P L e :——P+pr+nV2u
ot X oy oz ox
p @+u@+v@+w@ :—6—P+pF +nV3y (3.2)
ot x Oy Oz g
p 6_w+u6_w+vﬁ_w+wﬁ_w :—6—P+pFZ+nV2w
ot X oy oz oz

A3.2t: p ARBBMEL; PARKNEIES; F. F, A F 545 &E
TIE=NWERH x yv 2000 & n NEBWRBIRE; Vi=0"/ox*+0*/0y*+0° /o’
NP R . N-STTREMRIE AR WA e, MERTE NIRRT BT A X
86 77 (1) e AN S T A G B B R R N R SR AR . AR A 3 AR ) R
B, AMSRINEDE. REHS BN 15 &

(3) fe®m e

pCa—T+pC uﬁ—T+v6—T+wa—T :AV2T+pL% (3.3)
ot ox oy oz ot

X33 CHWHRE: THRIEE: ANH: SAHBRIG AARHRAE: L
P TR f OB 8. TR RN MRS AR R, T e IR
A 3685 R3] R 9 FAVIOE, R 9 A IURN A > BB IR 2 R R R A R .

(4) K-sTife
KT
oK oK oK oK 0 n, |0K| 0O n, |0K
—tU—+Vv—F+w— |[=— — +—||n+—+
ot ox oy oz ox o, )0x | Oy o, ) Oy
+£Kn+lja—[{}+G—pg (3.4)
oz

K:%(F+F+F) (3.5)

e N ALARRR RE BAEIR, Rk N:

! (3.6)

E =——-
CK3/2
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AlSil0MnMg #HEEER G 4 R 55 IR ANAT N R LA L) 1% e

2 2 2 2 2 2
G_m{zl(a_u] (2] () Ha_u@j (2 2) {@ﬂj} (37
ox oy oz oy Ox 0z Ox 0z Oy

0e O¢ 0O¢ Og)| O n, |0e| O n, |0e
Pl —+u—+v—tw— |=—| | n+—Lt |— |[+—|| n+-L | =
ot ox Oy 0z ) Ox o, )ox | Oy o, oy
0 n |0e| e
+—| | n+—+ |— |+—=(¢,G- (3.8
Oz K’Y o, } 62} K (aG=epe)

2
:Et3.4 %ﬁ 3.8 ':':‘: ﬂtZCpKK; ﬁﬁcn=0.09; 0121.44; 0221.92; O'k=1.0;

o.=1.3,

&

3.2.2 MK

BUE SR, RS IR SF i 5% &R B F 50 I Sl 18 A 1 B 45 B
W BT A RN RN 1.5mm BB &4, KA M EAKE AN 1.5mm.
Kl 3.1 N REER & & 5 8 Bl R IS kI 0 45 2R, B AR S 711480,

B 3.1 EEREERANAEMBEXDER

WX % BEAT K B 1.5mm, S RS 5 711480
3.2.3 FZERENEIEFIE
7E Flow3D ¥ itk d A7 76 — AN AW & 8 15 5 b3 20 1 08 - 45 13 30
il AH 53 %, WATFR A 78 BY A B I 5 18] A 23 2. e O824 7 B R o 4 I A
] AH 2 Hok 2w S8 £ 1, ik Amsh. WP S aiwE— £ E, 4EUE
7 078 T oy 4 B R T A 2 B0 B e I, ARSI 7R B 1A N TS
FRK, BB ZISARAH EG R, MR ILE,
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LA

AR A AISi10MnMg 28 & 4 AW 3k f ek o R4 AL-Si AH & ] J,
A G AERE R B RE bt tha-ALM, SRR B FE A 20 B0 N 22 1% SR A
I FE R PR a- AL A AN T 38 2, I AR TR B B4 ) AL-Si L @R % B, MR T
R L R AR e R A L A OB, R A A R I 0 . A, ngg g
1.3.1 F TR, AlSilOMnMg 45 & 4 &t [ 8 115 45 & iR B2 va R 96 1 & 4 4 1k
WMANHLEE; fE P A A R v, 7 8T AT o 1R 40 S 4 0 R R BT IR I IR BB 7
R AT AN T B, 220005 A T B B 2 VA 25 B DL T B, RV R 2 AT T AR a- Al
FHER KL BEE R B Bt — D AT ISR IR B 4R 22 R B, a-ALAH SR A W K IE &
R E B2 B — AN & SRR POIR X 35k, bk X3k S BHAS IS AR A Bl s 24 05 A e 7Y
TN Bh 1 AR BE 7 IR R X IR BE Ao, FE R s A5 0k A S A A T/ [ AR
LR R AR ZERROK, &5 RYE E  RR TE L R IR B R ROk A IR, TR AR
AN I TE A Ty KR PR ZE DRI G 0 AR A A IR NI, ol 2 AE R AR
IR P, & &mAatEIbiish, R R, LB RRPE>D, i
Hr, VRTH A 3 LI HT O 15~25% 11 [ AH B, 78 2 R Bl REAS b, s Rk I [ A 23
RN ATy B 3T Flow3D #4155 B b B 45 1RV 30 [ AH 20 3 7, DRI, AR
it Thermo-Calc F2£ 75 T AlSilOMnMg & 4 I [E A0 70 8, 15 1k 30 5 [ 40 23
K f, 0T BRI E O IR B R EE T, (879KD.

324 MRIEH
% 3.1 Nl E Thermo-Calc 27 115 1) A1Si10MnMg & 4 AH KA KL S 2.

£ 3.1AISiI2MnMg B & YIS &

2 LX) (=l S K/ AL (=l

p, HJE/ (kg/m’) 2400 C, H#HAE/ (KI/kg/KD 1245
Ty, [FAH 2606 FE/K 825 T,, WAH 2RI /K 897
L, id#E#/ (kl/kg) 332 A, SIMARE/ (W/m/K) 104

N TR E RS S S BUE T BB R, RS S E S
A ELE . FEEZBTRETR, BATWNEERWHRIREEZ, NETEBEEANE, &K
S (RS A 2 BOME AR K. BRIk, ASTIEZE M E T AISi10MnMg & 4 H kG B
AT T it e, XS T 3.3 WM.
3.2.5 IR EH

S5 LEZZHMRNSHFR 2.2 5% L ESH.
EHESREES, el driREaEdE iy ENA 3.3 kitHE, £
fAE B T RE L R T, R AT T e (34 5 5% 1R O T e A AR HOAN W sk, BT 4
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AISi10MnMg J# B & &1 BTN T N LG 21 RE

R AR O DRI BB )7 3RS J5E A T $2 o 5 T J9 8 2 B 3 1Y O 1 A D O
A R, R SR
q=hAT =h(T-T,) (3.9
X 3.9 g NIRFE L AT IR TN HRE: T, 08 AR
et 3.9 ardn, SR R EOBOC, IR IE ORI, B O IR R B
PR, ARG B R BBOR, TR RSN K AR N . ARSCH T RS A e TR O
) PF 1 1L 7 T 45 R R BIORE A T 3 3.4 71T R

3.3 AlSi10MnMg $a & & 15 A #h E 890 & & H4F14E

ARG A 57 B U A IR 23 1 22 TR AU T 1R 2 R 3 B, A AR P ) R
BIRS B2, 4R Oy P B 5 2R 40, 3.2 7RG 2R P R 4 ) 2 ) () e e Ok RS

A
y Y
S
x A
¢ L/
dy v+dv
A v
y
\ 4 B x >
0

3.2 ittt E R EE
3.2 S NMARTZ AL il A dy NZ RIBEES  dv s B 72 s A

dv
F,7:77S,7— (3.10)

dy

X310 FONKEPETT Z—;?‘aiﬁﬁﬁﬁ; n PR RE o AT 5

T=ny (3.11)

n=t/y (3.12)

SERINEERETINRSCL TN S AT RIFELE FIE SN SO
Y

g, W3 120] &, HOEDE I 52 56 0 52 B U N 77 RN BY 1) 38R R AT 1 SR AR RS FE .
Kl 3.3 4 ZCN-1600 7= Jid 56 kb i i P . RS RE T R A B #evk, FFRH
e HE TR 5 2 HLEL TS . 6 R R e v A R R R SR A U
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LA

M -L:Ka:Ka)At:K’At (3.13)
471']1,7(0 r2

TI:

X303 p AKE (Pas) s MAMLHE (Nm) : A AETEE (m) ;
o NEFAEE (rad/s) 3+ rNEFFE (m); K. K ANHRER: ahmi
HIF s A NHLEE X N IR E] 2 (s) o
SE B 0 B A kG B i SR AR I & 5, R A RN
n=K'(t-t,) (3.14)

3.4 0. K FIBR B BRI AR A8 5 ¢, JURG BE TH 2 e I B 5 1 %Ol R A%
TR A I 8] 22 5 ¢ R BEUE A I AR PP e e Ik BT 5 R B I Ol H A SR I I T 2=

0 N O O M WON =

3.3 BiEEEAE T RIEECPT
1-6H TR 28 2-1F 0 Bk, 3-HikfR ke, 4-mig,
S5-mHF; 6-m RIS T-F T S-H A A

33.1 tHESLIGER

20

- -
N o
N |

—
.

thE / Pa.s
oo

N
s
~

810 885 960 1035 1110
mE /K

3.4A1Si10MnMg 8 & & & SLI0 i 4

Kl 3.4 N KH ZCN-1600 & i 5E 7 k5 B v A5 11 A1Si10MnMg %5 & 4 1A
JF ot s A 0L AR Ak i il 2% . BT, ALSi10MnMg 584 4 RS B2 A N 3.8~17.8
Pa-s, BEEIAMIRFERIRRAR, RGBS ea Y, (ERS 8 R R A KA1,
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AISi10MnMg J# B & &1 BTN T N LG 21 RE

R L AR T3 R 2, WA R . IR MIR BRI, R R B IR AR
2% ISR B BRAR 2 T URAH 2R FE T, 29 60K I, Kb B2 3G I n ok s 4R J5 K
JEBE IR R B AR AL I BRI, R AR AL B R R/ ] AR 2R B T/ T A 58 A R
Vo

REWFTRY, 05 G R BRSBTS R il S & DA o<, ANTHR
SRR, AR A B R RO AS — R R R BN I R P B R T e AR AR AR, AT B kS
Rl JBE e AR A P02 1020,

RGP 3.1 B RG FE vk B I 58 Js B, SR e kG B TH DN e RS LI, R D
HUEE R AEE WS Mg, SMelBmlafiEa il EEADSEHK
b A A 1 B D)2 Bl I AR AR — AN AR AT T R U E I R ) A
A AR R K BY UL P DR B AN AR o A IR R BRI, RSN EEE T 2 1,
WA IE 3 /5 E R B PINL 77, el AR ORGP e B A 5K 3012 WA, BY D) R
AR, BIYINL AR, R EEAE AR K

HIEL 3.4 ATRE, 24 AISi10MnMg 5 & & 48 AU B BRI, RS 82 72 AN i 1
N, AR R LTI E i EER A ORG 5 A AR R, ot L A R R D BE AR A
I PR BEAR AN I . (H2, RN ARF & 5 — O, R
BT 2R, BN AR, dn S S A PR AR T N A A 2 Kk
- RBIAAL, AT 51 e S A A BE R T A W AR AR, kG R A I A AR
o TR SRR AR R BE 2R 0 P ok 2 Bt g AR A AR

332 MIETHHERTTE

7810 885 960 1035 1110
mE /K

3.5A1Sil0MnMg & & 2—2?1&&2&
N T T b R FORG FE B R R ARG P a, KB 3.4 HRORG FE B IR R AR Ak 1)
EXT T RS, ﬁt”%*ﬁﬁ&ﬁ?ﬁﬁﬁ@%?%%i—?ﬂﬁ%ﬁﬂ@ 3.5 fioc. K 3.5 7]

A1, AlSilOMnMg & & HIR AR RSE R A 3 ANH BN A AL B M C &,
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LA

LS 7 P 4 A 3R 2 4 3 R 957K 895K A 867K, HH Uk AT Ak BE (1) A% AL 43 DU AN By
BOkUHE . HIBEIREET A 5 (I'>T,:957K) I, BN,
B BARR RS TRAHSRIR R, ISR, OB ZIEP B 9%
IR FELE A-B S 208 (T,:895K<T <T,:957K) W}, KGFEEHGminte, i B4R
B G W B AR R P 20 VAR R IR T, TR U ATk I B B A I LR AR R VR, R
NWRAE B B B s SR 5 BE A IS R IR B — P B IK R IR EAE B-C M2 W (T,.:867K
< T <T,:895K) B, KifEfm sz, WM BEAEBRREECETE2ENT
W/E AR X, FFIA VA a-AL BT, BRI/ 28 38 B 24 0 1R IR B 4k &2
PEMCE C i (T<T,:867KD I, AGEE M IFAEWOY, LY BRI 10 A e 2
] AH 2 i B2 T, LAT , FR 9 W/ 8] S0HG B B o 1 TRLHE 23 ) % 45 AN B Bk AT 23 B 1) 8 .
3.3.2.1 WHEEEME (T>T7,:957K)

K 3.6 NV 2238 i BE AISi1OMnMg & & kG E A i dli 28 . B - 3.6 Af

K, U p KRS T T, (95TK) B, xwa@‘g—g‘maxmdx, ‘2—2‘@&5?&

FEAA R RN B 50 muwww&*m&m&mwzZ—Zm%, Kl
JEE B 5 P 1) B AR R BURZR RSG5 &, AR A PE & Hh 2608

n=21.963-0.0164T (3.15)
7 : 0.00
} lﬂm\t\\ oT 1-0.05
: ' Illlixli\“\l.\l\ll
g ° e, 0.1022
. SR T, o
B R N i
* i 1-0.15
3' % TA
-0.20

967 997 1027 1057 1087
mE /K

3.6 MHEEEMEMET L%

FAh, T, (957K) =T AlSil0MnMg & & R AHZ I E T, (897K K ik 60K,
0k 2 U I B AR < AR AL AE — AN BRI AR T R R . B R SCHER o 4R
BRI R T 60K BB BRG LR TR, 3B BN AR G L2 I E
VR R B — M TR R S0K CHL gl A2 Tk #ivik 50K B AT 2 Rl B R,
o R T S B s R A R SRS R, T 2 R E,
L e R X e R A L B SR B R . Wang 25PN B FEOR A Mg B AlMg A 4
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Rl RE B 52 KR R I, IR B B VRO &R EE 200~300K B I, Mg R
GRTE 2l AL [ oom 2 B 80, AT TR BLTE P ) 45 40, A8 45 5 < T A F 98085
P BEHE J108/ OB BE RS

HILHEWT, 7E AISilOMnMg & & MR R G, AR #OKT 60K I, 4
KHEA )R TR IEOR, MEZREH 88, WET i E 7y 8oezl, 5
T2 B AE DATE SR ABL R I 45 K, A A b R B — T T A A, P R R Y
e R T Z A A AR 77, DR A ARG BE AR R B/ e 3 A, Bl I AR R 1)
=Ty 111 1 e el 1 B9 1 VS N L (02 A R N - e N N L B S
AN H—JiTH, BEmtd AT g g R2E T A SR s, vl RE < 5 R
T2 B B A BE 8 0 AT 1 SRS R 4 OK .
3.3.2.2 FREHIEMER (7,:895K<T <T,:957K)

1.0 000
9.9 - 1{-0.05
w
& : an
8.0 -0 10—
" | oT
“LP( R ~ |
e . SME e
65 pams S R
75‘ T,
50 : ; ——1-0.20
895 915 935 955
=E /K

3.7 E S M Rt B T ik ph 2k
B 3.7 R BN B B ALSTIOMnMag & 4 b FIEAS (L BLEE B 4 ol T A,
%m&%%%ﬁﬂﬁﬁmmmzm,%%ﬁﬁ%%ﬁ,wmmgﬂﬁK%%ﬁ,
BE R, R LR BRSO R EL A

17=(lOO992exp(§lgg§j (3.16)
RT

3,16 A MM (Andrade) 777 0% 2 190,

E
=n, exp| — (3.17)
neol £)

X316 A1 3.17 . n NIEEKEE (Pa-s); n AKEERE (Pa-s); RA
AAEE B (8.31441/K); T AHAXTILE (KD ENKRIEMHEE (kI/mol), FIN
NTIEBTEMGEE, 507480, 2 FEERKELEEA xS,
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HEl g KEW AR RIS SRR 895 Andrade J5 2. Wang 2505
7R Mg & EX AlMg & @R E R iE, KIE Mg & 8 <%, H
WiE S Hin,lEHRG S Mg & =03 2 R, B JEEE 10% 2L
M Mg SR INE 10%0, n A8 8%BT N 17 4) 30%. EFE Mg & &1 2
SN G, 2 Mg A BN 10%I5, XN {E E % K . Sklyarchuk %%
W5 T Al-7Si. AlISi7Mg Fl AISi8Cu3 A & MR E, KIL AUMSAAF AN Si st &
JG 22 Uk N S FE A BE . AT R4S RE FEAE B s FE ALST A& A E R Mg
TG E ARG BRI n A E SZm AR /N, BT DO SE GRS BE AL AN K I AME KB,
Cu L& BN 00 E MRS, AESSIERS BEAR AL AR /N o 72 AL-ST RA
&, AL-Si 2 — AR RS A, B ATA BAE A AR SR ZM Y K AL-Si [
i, H Al-Si B —BEARE T ad s BENSMHETERRS, 568 E K
TR BARdHBEER, maise E—Td, mAEEEE 7 #ams,
MECATE i AL-Si [ #%, 35 T R AL-Si [ FE /N, S 4 R 3 2 10 P BE 48 7 B
AR MIE AT ARSI — s B, AL-Si B KRR, BRI A 30
R RAGE HRFAL, XY TEEEEBMET R T — MRS
ey e £ P G ) 1 X N T G R N o O L X N R R
WK, R I 3G B R B R 39 k. Song ZEUOONEEE AISII2 BEE 4NN Sr
R, BT SroRe g o FROW SE A, D A R R T AR 5, AT OR /S
s E R N EEEE 7, IR R TS AL BR AR N, DR B RG FE A /N

gi b pTid, fEARTC AlSilOMnMg A&k Ra T, HIGHREIERKZE 957K
i, &P 2HBELRRKER AL-Si &, FN AR TS5 Hea8tiE
PR ALL A B ) 5 48, 3K A [ 4 ) T A7 A T o 385 I R A Bh () N BE R Oy, fEE AR
FOR UGG BRIG OK, KRR B K, ARG REAG IR B 00 4 2L R AK, HIRR I B = A
FOSF AW 3G 0K, I8 4 3 20 0 P R4 7 I K, s 4 R B2 m 3 K
3.3.2.3 R/BEEEME (T,.:867K<T <T,:895K)
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13, on 1905
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1 7o T Ts)
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B 3.8 i/ B W B AIST1OMnMg £ 4 Bh FEAS L B0 i 26 . th ) 3.8 7
ﬂ,E%M&W%%ﬁgm%ﬁ,wmmgﬂﬁ$%m¢,%§%m@@,%

JEFNR BE RBUR — Ik Z WAk &, #hgkm B, HEE A
17 =-965+2.297T —0.001357> (3.18)
R FT %0, B B R LB AR L AN 28K, (H L BT 5 0k U B [ AH )
S XN R E 879K . HT AISi10MnMg & &k [ 1k FE o A AT 4, B B
B IR FE AR 2 A, 43R B B A 2R R B I, A P & TR AR AT T AR - Al
MR RIGHEERENHE D TR, YEa-AlHEREEEZ . RS AKK
K WIEa-AL M SR [E AR, 58 A0 (0 A7 78 2 B9 A AR sl I N BR800, Kb 2
WK o, a-AL AT H IR o 2 B — 8 T R, ISR A S A
RSN PR ZE X AT BE 2 5 BORG FE G I i o B gk g%, AT R R il 2R A X 4% .

3.3.2.4 R/BEHIEME (T <T.:867K)

K 3.9 B/ [ O B B AISi10MnMg 7 < kb B2 AR AL A A il 2 o ey IR R
75 BE B B B U R B BRI, R R

gﬂﬁK%%ﬁ,%E%m%m,%

FEMVIR R B — Rk 2 WA &, Mgk ~M, HPE iy,

n =1308—-2.93T +0.00166T" (3.19)
207 —0.00
. SR
187 HlAH% 1-0.05
S 16 3 a0
- | 0.10 or
e 1
*® | . 1°0.15
n§% %”
- . . T —-0. 20
827 837 847 857 867
BE /K

[ 3.9 iR/ BRI B Ah B AL 2k
B P BUs MR B4R R B, M A AR o- AL A RDBOR B Z 24 A
R0 1T - AL it WL AS W7 K I A B 42 B AN 3% S BRIR DX, AR i 3l 7 e
HRORR DX B AT, e A Y BE B T I B, AT SRS BE R R o 55 4b,
e AR R o S I A AR e AR 3R B AR R 23 [ AL-Si A, AL-Si
2R A RECEE HR, X2 EIE R sh A B 7, X AR 8 AR A
I iRy N A

30



LA

3.3.2.5 AISilOMnMg 5 & &M E RIEN

g BT, AT RAKE AISi1OMnMg & & 08 K IR 20 9 DU AR Be,  FLRG AR
AR AR 5 LB B A I R DA B 1 45 R B AR G, R DICRE FORS B2 S s an R i T X
a—-bT,T>T,

E
Mo GXP(EJ,TB <T<T/l

c+dT—eT?, T.<T<T,
f-gT+hT*,T<T,

He: a. byevdie /o gMh AMESE, b, d. e. gMhBKT 0.
333 saEEMEEXNEEE SR

IR, HREZEE KA R B T7 A 88 A & rRs BT 7 I e A
P44 . Dinsdaled Z5UOVR1 Assael £ R 45 5 26 1 W 5 WRAARORG B 70, RIAIR
Vi 1 R B v R M UE B T R R R I A AR I e B S A A R R 1 T
HiZ, RHAANFRNE T IERS B SR A Z MR K, AR 58 e 7= 4
X 22l 1) R AL

K AR % v5 ks B2 it . Dinsdale*™ B 78 B 4 45 76 08 0 B 3T OKE FEE N
1.0~1.4mPa-s, Sklyarchuk %I % () A201. A319. A356. AlSi7. AlSi7Mg
M AISI8Cu3 A& MK EMAE 0.8mPa-sE 1.2mPa-sZ[i], Song 2! 5% T
AlSil12 Ba &4 Eid 0.2%Sr LA G S SR EEN 0.5~0.9mPa-s . K H
T v K BE i, Malik 25 PPV T 4l 85 4 1 10 kG i B e % B 1) 3 B 0 189 m A
1000 Pa-s [% 2% 0.1 Pa-s, XI| 3¢ 210213919008 5 77 S [l 2% A356 45 4 78 i1l 4% L 13 3%
75 70 F A B 3k P o (RGBS B AE 3~10Pa-s, 28 o £ 103000 T ok 44 AR 40 %
N S%IARFE E A M R RO R R R A B RE 25min JFARETE 0.75Pa-s,
SERT 0.24 Pa-sHE N T WIAE £, X SCSCEENOIN s T I ZL11T & AR R,
W R TR B PR, AR TS, ZL117 &4 KR AR A 0.02 Pa-s 1 &
0.1Pa-s.

Wi BB R, FfERES4E, WA RN E T ESRAS PR EAE =
TR K o K FH % 5 R B2 T DU 5 148 & & RGN 1.0~1.4 mPa-s, T K FH JiE %%
B0 € (158 A &R BEAE N 4~1000 Pa-s , K A e 5% kG B 11 2 48 & &k FEE
76 376 15 R AR 3% R T s SR AT DORG FE AR . SR IR RN B I SR A 4R
SR BEAE N mPa-s 2, T SR R % R B2 TH I 52 3RS R4S & &R BN Pa-s 42,
SR FH T B R B T A 1 BE G A R FE K 20 D SR IR 5 R B T 1 R A
20~10° 1% . 53 4b, 7 SCOR FH IR HE B 0 E 1 AISi10MnMg £ 4 1A RS B 78 3 Al i

n(T)= (3.20)
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OLF i T R e [ S R A S R RO .

ZREFRIR, BTSRRI AR E J7 95 3RAT B A ek AR Z AR K, AR SCR
JH T 2% R 2 T 00 52 1K) AISi10MnMg 45 & <8 BORS B2 32 K1 R ik 3 6 B2 o T 45
R4 & Rl B, 7 AR P 22 9 1 B DR — B W AN D D e — DR B T A5 E TR
— N A SRR S KRE .

DL e 4IR 57 2Rk 521 9 1 5K U B 4IR 32 0 B U 1) B B o 9 9 G EE T £ U E A
FEW 435 PN T 1) A 30 58 A8 A W AR A0, 4 I A L B 2 N ) 2 ) IR AR 9 2 3
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I — AP AR 5 A W AR 2R G5t D A WA AR S T A4 UL A R RG B AS 4 32 B D) 9
ANBT D) 3 S 520 o SR IR 5 R B UF I 52 < Je 44 R B R A e AR 1R RS BE R
9T RE MBS U E HLRG RE — fi ROG O B AR, SRR R S 3 R 1R &
JiE, [R5 R AR G M AR DR R AE M E IR, XA RENE AL AR
WA RGHOE T BR A . ALK, Qi H @ 4 73 ¥y Bt &
KR T EEBERAGNME, RIG&BE RS E R WUR AR PE . Varsani
A U21E i 9 56 () 77 VR 5T T 4 R AL AR R B B R AN R AR R AR . A
K IR G5 K LV SR N IR 1s Sh I 07 RE R L B A AN BB, 7R TH 55 3 U R B
A AR 2 fe A, R AR AN 2 s I i W B R BT SEARAS IO B R R
WA —E R

e B R LT DN S R BE I, [ 2D O DAAE E IR AR B 2 B B, SE L
WAL o€ Ja B8, ARG R P E AR s s s d R k£ — M
A, HOH EE AT R A AN S RE R (AR A, AR AR R G AT LAE A . I AR
o T B AR R RS I L2 LS M, RAT A T R A A TR R B s A
xR R A A S BN A B O Ol B A% S AR I TR 22 e, BRI AT A TR SR
MR IRE B s 22 (AR MOAN B R 45 7 i 0 't o A% R A A I (8] 2 ¢ # AT BUAR O
M BRI, MR AR ERMERN TR, Bk, RERETES
P 000 A AT A2 5 R AU O A D RS

bR RS, ~MRETENESSBEREDS L. K
WL T3¢, 78 B4 B2 A9 A8 1 BE & 1) AN 25 50 3 2 3 S0 7R TR 20 A 19 A
B5y, o HBE SIBARERE . BEMARN SR RS TH . = AR )5S
KA RENSE, BesmrER AT PRI EA, WA, meen
RATE RS G 8 R AR i 2 N AR A, BB A SIS R TE Y 205 72 ik
ST A B AR AR [ AE S . BRI, g R S S SRR AN R
AR, HPiead T RESAA. BAEAMEMENY . mE R WA
FRM, e -ARBRMSHIRAE RS, 5 WA LI 145 T 2Z 18 1
WEESE 71, RMEUEALRE EEOK, R EE AR R K, A, e Emkh s
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TR B AN A B 2 B8 B e i 78 T R I AR R AT AN W AR AL, R EEE AR AL
B A 49 SE N A% . Wang S5 U158 3 1 I8 R R TR A 8 1k ORI R 2 T 52

2
B (1+Dp%)
n“n{{(001+373502”)}¢} (3:21)

321 Fe o, NIERIRH SRR L s n 9 S ik 1A <6 Je 0 A 1) RS 2
&KL B/ BEAR I 7 D, NEBKR I EAL: o NBURLAIR > H. rp 78 7)
RS TR SORL R s I URL A TR R RS AR DL S AR R o RS, e ] L A R o
WURURL G R R LK. e el Rgt, mMRBEEXPEETHART. =
R AT R RO AN AR A A A I B R T iR AR B, thR] DA B SR AR
el R /N W

n.=nf|g(D.&.0).h(D;.&,.0,)-] (3.22)

X322 G NS M,

gi Bk, i EP RS SIS AR AR WA RS, R S H
T E VAR EE G S IE R BOR R, BRI, AR ST B SR H e I IE B R BE v ok E
BRI A R ORG B T B A0 R VT A 0T S BE 4R A < TR 8 e IR BN 1 D R .
334 EHEMTEMESREERR

R IEBUE O B, N-S TR AR R EA G TR, fmX
3.2 0[50, HREAME = nViu . Vv RInViw RN KR 71508, KRN 10 &
RN S REFE n IR LU 58 R o 534k, R & &I & m ik s A b i,
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B 3.10 Jydt X v B 40 4 < 0 o B SOE O SO B B RS E S 807 R, AR
Ve AN [FRG P2 AE X6 e 78 R U 30 (52 i, I DA IE V9 BE AR S < T B B0ME O O
RO A R o Al 3.10 o, = FhoA [R) RS J5E B8 35 07 58 00 ) DRy A SCE 6 RS 5 ot
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EY B e i %A r,, HAMKEIENL .
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3.42.1 FBEIMFEFIE
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N < M A TR BE R B a7 RO K BvE, RGP AT T R O
h (T ~T,)dSdz = —dV pCdT (3.23)

X323 b AR B RS (W/mP/K); TRHEASSIBIEIEE (K);

T ORERRTE (K5 dV N de TTBIAE R (m?); p NER A & IE I % B (kg/m?);
CHEEEBER T (kI/kg/KD.

(2) FFIBB: HATC 3.4.1 Fal s, sE B BAHILAE, WahilfE7R

R0 T o e B MR SR FE T, B R T IR FE T, . B B SR RN 2N 7,

ARK N Ly o 75 U0 H BUR & 400 7R 1 v T 26 B 5 AH b s B 4 07 12 X

h, (T -T,)dSdt =—dV p'C'dT (3.24)

324 N BHMARE (WmY/K); p NERBIEERET 2T R E
WHENKEE (K, REHRE 1, Ao =p: CHERBIGKLAT R T, IR EZIEH
W 2w b (kI/kg/K) o
3422 B I HBEFEABRRRBELTELNX

MR ¥ 1T LA 58 R A -

av._ Sdx _ S (3.25)
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X 3.25 e SOARBIRFER W A (m®); C AR B IR FE R W

K (m). K325 0ANRK 3.23 7715
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dr =- (3.26)
Csh, (T-T,)
Kia ft 6t o=00F, T=T (T HRERKE):; =g, T=T40AK 3.26,
A ER
T -T
r]=SpC-ln — (3.27)
Cshy T,-T,
B A -
T -T
h1=SpC-ln — (3.28)
C, T, -T,
3423 BIMEBRATBRARARBE LITELAR
3 3.24 H, Al b EY .
c=c+tL (3.29)
TL_Tk

329 . LGS EHEIEESE R (Kjkg)s kol 1R s B0 AT B
il A ik, B O3S DT R B e 2 22 [ v A X N RO [ AR i, AT A
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T, = L& J.pLt—nm (3.32)
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BIA .
AL Spf. L
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h, = Lk Z.p L —m (3.33)
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N TSR R Ry, AN PR I SR, 3 W L AT
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Toe 7, DURE Ly T BT i, SR T 3.4.3 AN HA
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A S A WY R I SR I B Dl B L, (Critical length), i 1) 78
{QE?\UWKEKEL/Z (Limiting length), 43 7] & i 3¢ il 5t B A A R 4 .

BB AR RE R, BT AR B R, R R R ) R R R
A N e, B ERE 2 H I 4 A S OB R B o U BN R A8 AL W i AE B m A
ik R I R T DA T R N, kAR B BEEIR, [N
WAk b Sk R AN AR AR B 55, WO EE B P AR dR AL B U R0 B AT IR SRR
FE R SRR = B, A S R B R B 2 AR T A A R A
T B, R B 7= AR 10 Ar B T 55 11 B 7 20 W 30 45 1k Ik 200 B0 3 79 AR X C
K 3.11).

i BRTR, A TR RS R M EHATE &S, RS E 3011 B, KR
[ BB e KR LIS T AL, , Bl

L=L, (3.34)
R 58 TR BEA 78 B S Ly A AU S5 T AR IR A Al A T B 22 AL, BP:
Ly=AL,=L,-L, (3.35)

% 3.2 g SIS 0 T B 48 4 G R AL A0 W RE 18 7R R B IR RE B 0 A
AKRE, LB AL, N T TR M5, AL, ¥R R G m.

* 3.2 EE AISIIOMnMg BEE€ES AR REKESLEE

LevE IR /K 923 953 983 1013
L, /mm 510 540 710 810
L,/mm 570 700 880 >940
AL, /m 0.06 0.16 0.17 >0.13
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284 ;
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E 281 T
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7 S :
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o7 # /i 6] W £, A5 2k b 0 SEIR B s R A (o L)) B (2", L)) F1C (7, L)),
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FERK LI 208 B B0 TR A6 kg s CRFe] . f2A%), C (o L) sUNER G & ik
7 70 A 3 Al R R f I 6 L PR O ek IE B K CIRF IR, RS ).
RAE S o Sk s, s e A T R B I I
7,=1"-1" (3.36)
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