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INVESTIGATION ON THE DIE-CASTING
PROCESSES OF THE THIN-WALL COMPONENTS AND
RELATIVE METALLOGRAPH PROBLEMS

ABSTRACT

The magnesium alloy die casting products have many advantages, and in
3C industry they have gradually substituted plastics to be the main
manufactures, which include notebook shells, mobile phone frames, playing
machine groupware and so on. As the die-casting process is comparatively
complex, there are always many problems in the manufacturing. These
problems include not only the manufacture’s defects, such as hot-crack, cold
line, surface pile-out, hard spots and so on, but also the accessorial instrument
matters, such as the crucible cracks. These problems cause die casting
efficiency low and product cost high. The die casting process, and relative
metallograph problems studied by a series of testing means including SEM,
TEM, metallograph microscope and so on have systemically been
investigated. The main conclusions are drawn as follows:

1. From P-Q° diagram, it can be got the feasible die-casting operating
zone from which a series of parameters were obtained to produce excellent
components. The optimal die filling time can also be calculated in a range of
34~46ms, which is suitable for the manufactures of the components with the
thickness of Imm.

2. According to result of calculating simulation, product characteristics
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and plunger ejecting diagram, the die filling process is fallen into three stages:
the product filled, the overflow plus vents filled and the shrinkage filled.
During the process, the plunger pull force is supplied by o1l pump firstly, and
then by oil pump and accumulator together. Although the plunger pull force is
becoming larger, the plunger velocity is decreasing with a higher acceleration
due to the filling resistance to be greater than the plunger pull force.

3. The appearance of excess metal, a micro casting defect, has no
significant effect on the frame’s mechanical performance, which may be
possibly controlled by the porosity formed in the die-casting process to a great
cxtent.

4. The appearance of lightspot is attributed to the difference between the

primary a phase and the eutectic (at+B) phase in compositions of the

chemical conversion coatings. The primary a phase is induced due to the the
inhomogeneous heat distribution on the surface of the die.

5. The reason for the failure of the curcible used in hot chamber is that
the outer part has been subjected to higher temperature to be austenized, while
the phase of the inner part is still pearlite, then the tensile stress will be
present on the surface of the crucible. At the same time, in the cycle of the
heating and holding, that the surface loses carbon makes crucilbe’s strength
decreased, subsequently the fatigue crack is formed. When the crack extends
in depth direction to a great extent, the crucible failed. It is suggested that the
crucible should be heated by electric power, which will keep the outer part
and inner part be at a same temperature in order to eliminate the

microstructure stress.

KEY WORDS: magnesium alloy, die-cast, failure analysis, microstructure
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£ -1 #4569 —2E 4530 Rk

Tab1-1 The physical parameters of pure magnesium

1 b £ AR KL
(C) () KiKg?) (KIKg™")
650 1130 25020 368
G HE A Mz Rk

(grem™) (Kg*K™") [We (meK) "] (10°K™)
1.738 1025 155 25.0

REEMSEEEM A, TEFUT R,

HREIELERG, ESTHABEFELNTERESE. HEREETHH
ELFEEEEMNENHRESE: BRES & LG A BE MBS SRHHE R
BaE.

WIBESSMAMENRSE, PHINFESGELERR, EE5&TURA
Mg-Al Z& 4. Mg-Zn RAE. Mg-RE-Zr #4%&. Mg-Th-Zr REEH Mg-Ag F4&
&

Mg-Al ZE& ST A5 A Mg-Al-Zn 54 . Mg-Al-Mn & & Hl Mg-Al-Si 5 &4 3
MY, XI—-RIEGEAERIFOIFEMRE. P3G, SFEHRAMIELE.
TEREIEF 175C, Mg-Al-Si HFES&MFEEREESTIWNME4E,

Mg-Zn ZHEEER NI RRRENGESE. THADH MgZnZr 52,
Mg-Zn-Cu &M Mg-Zn-RE &4 . EHEE ST IHRTE SR h 08 B 8RR E
B e

Mg-RE-Zr R &E, SEMEEF. E&ATREL 175-2600C 28, EH
FEY, EFEERAN Me-Al RFIES S

BRI ARMESSESE D, Y AZID A%, KEE AHDEMEGE, HEk
REIIRGIR e S ESK, FRLUREHERA . % 12 AT AZ9ID Mo ki, FIRT
7B 1-1 3 AZ9ID B S EE T A i .
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DAL AIRERMeaE &S EREMTE, EERSMgh AFTRANMER, H
BB H12.7%, HERENRELAREREETE, TEEMEERBER
0%k . AlBEIREMgE &MRE, SEEEHMTHEN, BREMRM EIHM
MgsAl, (BH) SREEILEMESRBEEEMNIME T, EAZIEEP, MgpAl,
PribBRE ., AEHEMe S &P AN E—RIENITET%~8%, MEEMgE&PAINE
BEHILE3%~5% 2 [8].

A 1-2AZ91D ¥ A5
Table 1-2 Chemical con!positions of AZ91D

%45y Al Zn Mn Si Cu Ni Fe Mg

(mass%) 8.87 0.69 022 002 000204 000102 0.00475 bal. -

Zn BAEEEPHELN-FESUTE HFEYENKTE, £340CHRER
BETF, a-MgP ol LUFR62%MEE, BENTSEHEESUHYIMeZn(7SF &k,
HE WA Jrababab). (HERMAMIR, EMg-AIEEFMARLE, Mg-AtRREE
RBH—®reBRftaE. TXBERLRED, WRESEHHLERD%-3%,
I B ) T A B 4 B R B A R IR Mg AL B Mgs (AL, Zng, BHILE, HEHTIES
—REFHURSEESMNER®BE: BLAFEEETEHTU~10W%AIEMERMARX
K% a S aett. ShEmes. W Lae—EHRE & AHRTFR
BT LS. A TRESESETHSIRARNEEFRMERN.

3)Mn  EMgMAMA & &K FEERMENAX, BREMEESSHEMT. &
Mg & &F MA1%~2.5%Mnf) £ B # R & & &MV R MR, AR
i TR RE R B A SR AR, MRS RUR S S EME A, EEAINMeE &P
o e iMgFeMnit &4, R && & Hm Avt.

$)Si AT B E IR I AU E MR R A RE .

5)Fe. Ni. Cu & 3 MCEAE Mg A& THEBRER/ ), EERESHEDT 0.2%
R EREERT Mg S &4 EE T ENZM. T4 &TRIERBHMESBITH AT Z



KR T RS R A e 3

B, KRS EENEhER,

[alz]s]1]p]|

AN

————RTF InNEEANT 1%
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Figl-1 Symbol meaning of Az91D
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290 F, hTHRNER, NEEOMBARNARE THNOED. ENEhtkaE
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1.2.1 EEARRNE

HBAGHAMRR, EHTLLT AR EER (hot chamber die-cast) F¥E[E
% (cold chamber die-cast), RN tHT M &FERMENKAR, E&HEQMEMNEEHS
(thixo die-cast).
12.1.1 hF R4

B 12 T —& FRECH AZEEHIME R, M2 EFIIZBEE IO DA
[, A4y 100t. 125t. 250t. 500t. 800t. 900t %%,

B 12 REEENRE
Figl-2 The sketch of hot chamber
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Figl-3 The process of hot chamber die-cast
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Figl-4 The sketch of cold chamber
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Figl-5 The process of cold chamber die-cast
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Tab1-3 The comparisons between cod chamber die-cast and hot chamber die-cast
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B A 1% "
AP 18 "
HERE R F 5 b3
A = &
HHEE X h
S i 5
B fn R # =3
ER&E 2 >

(3) 3R L4544
B 1-6 h—& JSW fbdE [ESEHLIET AL



AR LR AW A8 3T
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Fig1-6 The sketch of thixo chamber
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Figl-7 The ejecting system of thixo die-cast
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Fig1-8 The sketch of manufactures
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Tab1-4 The main constitutions and charaterics of the mouid release
agents used in die-cast
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BT SRS EEWNAL, RS SWS ERRNEME, RS RE, RERgE
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5HAESHE &, SN EEFBA SRS SR L RE R E RN RS R
R, R A A R B EFREENUARTERAHE S, XESkEsE
THAFMEREES SN, NEBRFEZFHE HEERH NS ER L. XER
FEFEROSARFESIESER T HRNERS SRR EDBOE. BitHfE
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ULENERARNET RS
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HET A TRIBAL, F S A0 T 460 [E o AT S, OB & E A
LML IR A, T A P AR

EEXREEHEARLTE. ToREoE. SREALRED. T, B
L. WP LIAZEGRI DS 36 E DowChemical 23 &M MTEEE &4 AR E
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IR, ZE B M AR BT SRR A S80°C B BB A MR RS K, [F4EE
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Tab 1-5 The mechanical performence of P.F die-casting, ordinary die-casting

and gravity die-casing manufactures

tHaE L LHAES MR
ob o02 3 EE ob o0.2 3 sb o02 &5 EE
& (MPa)  (MPa) (%) (HRB) (MPa) (MPa) (%) (MPa) (MPa) (%) (HRB)
BA | 235-245  147~157 4-5 34 196~235  147~157 05~3 176 9 2 17
AZ9IHP T4*4 | 274~304 118~127 11~14 I8 N.G NG NG 274 882 12 10
T6*s | 255~274 167-176 6~7 50 N.G NG NG 274 1372 6 30
AMG0H 858 | 265~274  137-147 16~19 15 235-245  118-147 4~10
P T4*4 | 265-284 118-127 20-22 14 N.G NG NG

*] ASTMAUEF #2 JISNO. 4 BIiRE =3 ASTM EBEDIRAE
*4 JE¥:420C-2h— Tt EH%HE:420C-16h~F¥
*5 T4+170°C-16h NG BEER, EERE

1.4 3k

141 AREOFRAY

BREELHFRAESHRNS, SIEEM B CIL ERMES, |
ZMNRTERFIF. W, TSR, FRil. RBIAHE. bT
IR L R A, TR A P IR L, X AL S R BRbE,
W REY. KPR, TGS, TE SR E M E & iR
TICIT R R XL R BER Pt K TR KBRS A T %4 RS R RRE, A=
AT EE .

FRERLE S R R A TERRAMNT, CUT BRA 7 B 3 ie) S A 7= A
B, LUASE S 3C Mk LM ARG — LA MEL .

142 AIRAS

1.4.2.1 B MR [R5 A red B A i S04
a). XHAEFEEMRIEHILG E SR E,
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by. XRELSESITHIN, AEEELE L AMMRMEEIARS S,
1.4.2.2 4 p=p SRR ] B AT S R R
| R ERPEXT IE S & N F IR
a) P R HIREAL B K HE B fr
b) FHIERALERBEH) SEM 434
) WIRBE N SEM K TEM 447
QS SR HELFHUAEPH R OSREREE S
d) L8R e ARH R E
e) ESF {3 E & 451 EDS 40 4f
f) FEZHAN SEM & EDS 44T
3RS HL BRI 4R R R B A4
a) 1M AR AT
b) & ABHH £ ¢
c)TEM K SEM %4t

143 MHEGR

1.4.3.1 THBR A 2 o B Ak sl R A ALUS A, St EHULE RS S5

TRALI B SR B H B

1432 T HRRES ML T B DB F AR, SHrm B HE 8 e

HEE.

1433 B A i oh KA R P AL R R BRI ERUR R, i E5% S

FE RIBS0E AP LSRG -
1.4.3.4 MBI A RO E R, #sL i Ju b e B AR .

B EHEAHTR, MR RS RRE, WAEPRE, AREE

AP R BB E L.
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KR AR AR

F_E EHNAREREER P-Q B

AT REAEIEFEHL & B & Sl R A% 0, IS5 A LT MBS AL L & F08A
KR, Wl RRELEHIL G R R APRIGER AR B HERERHTE
ROAUESES S, BRBHETUSTIFENEES Y, WEPRIER P ERE
FIFEONEE . P-Q* BN EWRE TR ESHL2 T RIS B E S,
WIS B QEE BT A AR E R, P-Q° BAH THECHMEN G NS L, &
FRBE—EERBRA. Bl et — M REED, MNTEXRETOARE
T4 A RAR B I BB SR 1

21 P-Q’

2.1.1 Eh&ER sk

IEFEYH B RGN OGRS THELSEREBU—TEE (Vo) #REOH

FRME—ENES. FEATEREMERELEDTHASHIAREEN:
P=p/2g[Ve/Ca)? QD

P: HEZKE Si(Pa)
p: SRMAEE(Kg/m’)
g EHmE R (m/sY)
Veg: BOEE(m/s)
Co: WBNRH .

E£REE p EASHTEIEWE BRI —TE, BT EESRRE D
M, HAEBBEHENFER: 175gom’,

RAE Co BEVLRERRNPIR, RIS HRLEE KRG O Ash R
%, WFEEE CoIUEL S 0.5.

EARFELEH LNEE: HERNEEAROLT Ve KRR, SR it
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KEE TRFW IR A F AR

FELPHIES.
X
Q=VgAg (2.2)
Ag: ¥ OB (m?)
Q: LB (m/s)
Bea (2.1) Fil (2.2) , FHRELES P HESEBIRE Q FIXRARIRA:
P=p/2g[Q/Ag-Ca]’ (2.3)
ST R A O ER, B3R Q3B CAES P AR, Q Athsaig
T, #ATerLABRIE 2-1.
RATHERFE, BEEELEE Q T QF MLIENFRMERSTR—FHLE,
WA 2-2 FiaR.

P P
Q &
B 2-1P-Q &£4x LA A A 22P-Q° 4+ L
F Rk EAEREE
Fig2-1 The demanding pressure curve Fig2-2 The demanding pressure curve
on P-Q coordinates onP -Q2 coordinates

RIEX (2.3), AFARAMEOER, T\ ARGES, Wl 23 Fix, &)
BOERAA, HERATT.

2.12 Ehiftia s
HREPRAEHN, HEIMEEEHHELMER, AR T, E

BB, B WU R RIS & B AR GRIEREIT) » %R HKA
4% (Dry Shot Speed) , itH Vy, MWHERAIFANS. THERMBEBES

17



KRB T RFEW I AT X

EHENLE RENRIRBERE.

P
FEO@R
\

™
AOEA

Q?
B 2-3 TRRT G A AT R K Hh

Fig2-3 The influence of Ag to the demanding pressure curve

HAM @R UME BB P TFRAEE Ve, —HEBIXARER, 57
—MREEn L RMEG, WEBERTHEMRLEDNENRH. ERfEAR
HRR G B IE IR 2o (o . BEE ST, 5 ELHIEE 5 IR0 pn LA A — A
TERAERZE L BRI PH AE T . MRk AERE AT Vo i, HHEEXN
EAAT, TAAEELBERGN, SENEEN, BB L0 E LT,
S ELRE SRR AESE T EESBNES.

BHEEHMAE (K20 &, BRI VIHEE, LAHRLPHNEH, MXAMEHN
KETEFNNERR. BXENFERTTEERIES Phs, BB FANEE:

Pe=Phs[i-(Vp/Va)] (2.4)

Pe: HHED (Pa)

Phs: % 88 & 71(Pa)

Vp: HEZEEF (m/s)

VoS EE (m/s)

FEZ LB AL LN A A b 2 Sk KT B AR K -

Frs=mVy7/2- mVp*2 (24.1)

s: HFZELTH(m)



R AR AW A AL 3

S: FZEL I (m?)
BoHEE Vd I, B SIE eI R L Bl AL

Phs'S-s=mV4’/2 (2.4.2)
e 4-1, 4-2 BIBJE1H:
Pc/Phs= (Vg-Vp?) V4 (2.4.3)

A 2.4.3 AT 2.4 3o
BRUES Pe AAEIEIEE Vp i TG RIS BT TR BT ), %
THRESEDSBERIEANETRSE. HERAZONEG, REMNEBRIEZ
B3 RIRPUKIH T AT MR LEE. AHELERERS, HEHEFENERER
ERA—NHENRER, #FOT:
Q=Ap'Vp (2.5)
Ap=[n-dp’}/4 (2.6)
Q: &BIIHFE(m’Ss)
Vp: FEEEE(m/s)
Dp: #EHZ(m)
Ap: FEEEHR(m®
¥ 2.5, 2.6 AR 24 R, BERES Pc IRE Q HIXR:
Pc=Phs{1-(Q/Ap-Vd)’] @7
B P-QF AR KR 4 R 2-5 B

P
Phs

Q&

Qmax
B 2-5 P-Q7 47 Ly A4 i 5

Fig2-5 The providing pressure curve on P-Q’ coordinates
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P EB NG ) S o R YA 8

MBI ATE AT RHAE A Z N (Q=0), BEPRANIEHNZK (ZF Phs) ;
LHAFENRERANFR (0<Q<Qmax), HLEHRLHRE—BIHANEERENE
1, iSRRI . SAEELEE R AN (Q=0max), FHKiEEH
BB«

LEBNEHSHRAETE, XEMBRERETL:

MBEEBMEDZEKRY, BAIEASEX, THEEHSEKR, BibLil
gamh LB, kR, DCEEBNOEDRAN, BEELSAETHES). WE
2-6 Fi7R.

MDHEEHRERN, BAXEHESEAD, BHRESTR, HEBLESL LGSR
Hhmdksh, SEEBEREN, HEBHER, FEELMETRES, TR
AE 2-7 B

QHRERBRENRAITHASEEE AN, HEEER, HEEENREXES
AL, BELKKK Phs AEEN 5, LSRERERENRIASRRER M, R
BLWA, MEEJMBRRENAE, BLELMEK Phs SEMBEHE). R0E
2-8 fi7m,

Qﬁ
26 EABBEFREESREANXE

Fig2-6 The relationship between providing pressure curve and Phs
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AR IR F WA 83

@
B 2.7 EAMSERHE LENLE

Fig 2-7 The relationship between providing pressure curve

and tube’s diameter

NIBE

Q@
B 2-8 R ABLEFRELGER NHASEENK R
Fig2-8 The relationship between providing pressure curve and

liquid pressure system

2.1.3 P-Q*El R4

LR N KRG FE St @A —R N, XREMBN P-Q*E, WA 29 i
e IXPALHAC SRR E ERFEBHIRER, mEs HEPREE

3% ADCI (Amercian Die-Casting Institute) FJE#, AEHFBERIITEF,
2 I R4S SEIZE 30~60m/s 2 18], ARFEF(Q2.1), ATk RZE R EERED
YO, Rl T ARG A &R R TR E BN AET 0.060 2, R FUE o5
15 H BB Quin:
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KB T RFW WA AT i85

1=V /Q (2.8)
t: AT i)
V' A Rm)
Q: A& mYs)

FEE N
X E
ROEE v2

FREHE +

Q2

& 29P-Q2 B
Fig2-9 The P-Q’ diagram

BHZRARE, WL P-QELERE—ARE, WA 2-7 PR,
G AR A TR, A ATEEREN, FaTLErE RS,

2.2 B mEFIAR EMHE

2.2.1 B FianTa)

R SRR IR R S BRENE R D H 2 RHEA B overflow B2 S5 ]
TEEFRA D, EHE— DN, MBRERANT. £d LA, KH4E
fE e R BT B TR IR (B, AR EH A LSRRG, e, Ha
Zatn . FRILE, EKERRDEOEEAL, BUEF MR T2 AL YA AN
Bl F R R A, hTe i e, BUEEARES Wbk, BB AEA,
RISk A TR Al A B LD 7, 2 B e TR B I 58 T S S AR (AT, R
ATELA P A RAO W, B nT DU R Bk BT . Bt Sn e (Bl (B AL

22



KB KGR g X

BIRAKERR L.

222 RIEFEEMBEITE

BRI E) IR EH S & R B E B M ER R I r R . AR REA
R AR L, Wallace TR T BEEFEHER Y, TR
= Tg-Tlig y ClwA
Tg-Td HAC
t: HEEFIHEE (s)
Tg: REOLERIEEK)
Td: BRBEK)
Tliq: £:JB MBARLIR LK)
Cl: $RMtH (J/Ke/K)
Wa: $ER (Kg)
H: BEMERRE mYsK)
Ac: FHFRRER (mD
BEFEE A ST AE (Te-Tlig), &BHIEEH (C1) MHFHER (W) M
Et. 5HELSBIBAMEEBE (TeTd, SMRERARE (D), HHNREE
Bl (Ac) iRt EWmBERENER 7 AEE, HEH-MARSER FER
wHE, F349 EERE.
BHERRF A SRHENEN SFARE R BEAEREERX.
SHEA SR (BEE lmm) BITHR, ESHHEMT.
Tg: 885~890K
Td: 550~560K
Tliq: 869K
Cl: 1025)/Kg/K
Wa: 0.22Kg
H: 4270 Jm¥s/K (RIEES, HHEAMER N SHMERSED

(2.10)
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KRR T AFH L5 F A0

Ac: 0.070m*
Zi R AN,  BHUEA 34~46ms 2. 16,

223 FAR B SHHFEKHXE

AT HERARGRO R MREAEEOHE, MRENRTEGERAR
FE B R i e SA I (8] SRS T 05 A 78 T 18] o % T B0 B B 0 3 T AR Y % e e S 1) mF
H RS B RIS P R BRI . (EA kI T

@ TBEE Bt 4, B4 A REFREE A EER T30 R %4,
R R R KT R RN R R B 2 2 JLE.

(b)H YA R R TR IR ), BRI RIS b &R (R th LB A L 4 7T
BEHE MR BRI AR I B SRR I8 1 A R e B I

OAERBEIEREREEER, HNREREESABEMREET. A
— e yk, TR R A5 T 1 b 7 A 1]

2.3 N

1. P—Q* BRME T IEAHAET R RS H 10K, 4B T AT MR X 55
2. AR (BE Imm) KBHETEIER )Y 34-46ms.
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yNEEE NN 20 a5 R VA

F=F EHIERRIRETEN

FESHRAEEF P L NS IR, MBL. BELL BALNTRBES,
A (B AR E Tt AR R ok, ERAMEIREZEE W, WS RDNRE
AR, ErxtAEER R, RGBT =M () BEMER, RimREEA
overflow M R~F, BR{E BUEBABR 7= QGBI A, Figks FRE, RiE%
A RBAYE JE T AU TR 68 () WENE WSS, W EH LR S It
W, AEHEANEMBUE D (3) BEREMNSE, iRk MRETES.

fEE—8XTF P-Q° BT, HAAERRBEHOEFFEEREIENRE
FIr BAE BB A . RSB R, whkhid AR B B A B D AR BB K
B, BHRRGER R, FRESRAEEKENE LD, BAFGEK: SrkiBX
HEMAENROMEZS, FROEL. BESL BAREFREEE; JrhEnE
KiEFEHMARECMEZ, malBRERRERES, REF0SLERES,
S HFENEAYR B S .

Brat b tEE, TN ES LR PR AR O AR B M AR
FEABAB, EEAC BATA RGBSR £ R E, T EX BRI £ E R K
BIFEE). fo R ACSEATEAIR BRI T RSN S KES BRP. hTHRa&%
SRS TEARM TR, Ha AR, B TERERG S B aRs R
R UAZEEIAEHTHY, FEAMTRNESERERE -G 660tn K
BUHLER /E##l.

3.1 SRR HIRIER

[ESRARE THERERE S A —EHNE NIEAFEFER, Hi5 280
W, AR, TR EESEI, RN RE TR ERE AR, ik
ER)RBMEAEDRE, BEERRJEELEUEHRGEAR T, R RLE AN
R, FRIENBIEBMEMNES, ®E. BEMERETTHE.

Yk R T RN A BRI b, EH A R Bl 1 P L k8RR
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KEHE T RFT R S8

BER

L SR
RS

R

B 3-1 4 Z AR RE LA EHE
Fig3-1 The sketch of cold chamber’s feeding system

B 3-1 RN EESIKRHAEEE, CREEAHRAMREERERE, K
B (DHER, SSRGS, R Bl RO A8 54 3 4 il R
REMIEE, BTINSME: (WEREL, 24 i i Ak 4% 4 2 B8 5 T4 B4 (bl
MRS E, BFNTAS: G)RMERE, miymiEtE. EHEHRRRERS
W%, RLESIRTRERLMRBIT R, EAMGE, U#LPTarerk)iEs)
MER; @ELES, EMRAREERBENTES—MREE, HEFERSGS,
KAE RE A8 AE LI 3h R FESTHLRIE T, BARINESZ 3 M I e R AERE, (5)
TAE B, BT EHTRENE R, FiENEE.

LIRS ESF R, [R5 Pk MBS E sl /5 h 3 M B, 3-2 BUR,
FhrBUzE I R EMT

BB RS UIEEHED SR, FERETHEZBIHEREARED
BT, BTBE R AT AE RO KRR L, HEERRAE O .

FBBrB Bk REED), FERRIEEEEERRR.

REH B BJENBL RSP ABEB IR SR, MR A E.
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KRB NF AR A A X

Third state

A

Second state

< First state o /
_a_l'___/
pl _4

B 3-2 #4%®h L) EHEHE
Fig 3-2 The traditional ejecting diagram

32 BEEIREEMESERSH

SRR, R L A ESHER) BRER EEE—MA ESHEshEER
W& BB R I, kAT, 2EE, BEARE, RGES
JEF BB B RS, i TR R RN SRS ERRES, AL ARE
DR SR A R T A MR AL DM F R ERAE®. T
4 56 v Sk AE FE IS S AR o o A £ LA R oA AL 3h o B B T B TR A L 72
TR BT

321 FEREPHRBTE

3211 REHIR R E

LRI RE

P T AR ARG 33 k. MRGPHEen T LB &, #4E U aR 4l
ik B, B, 7R overflow + vents. RHE Sk R BRAL S, HERSE FHG
MBS, B EEREALEZIEPEEAR, BkESPEFREE—
T P 2 I ).

L E R RE
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AR T KSR g

Fig3-3 The manufacture used for data collection

B 3-3 BT LR PR S IR EDP, ph kB AR D RS SIB A, Blbad 46
HEHBNESANEEHIIEE, HELER 31 BT MAMERS 80mm, Hik
MBI ERNS 80mm, SXWEBOEVIEEHR 27.5mm. EMET, #$4E
RN ERBL R TR . &R RN AR TR, WE
PSR, W overflow Hi vents, S£FREHATLHMENMEE. FHA%
IR PRIl e S ORI PSR R E S 7, BRREREHKRE. B
SAREG, BHUMHEENRZERE, 5PGEER0EHRE. SRR
B, SaERE, AU AHESIRRERENED, FEENEENER
eSS TR, BREIARCA, FERE Imm MRS AE WA EE.
PR ZAEBESFHCIR, BEHSN Imm. Overflow + vents 23 45 7E 55 4RI A 3 & 55
W, BAERRA T HH#EA R A E LR AR R cp S bkt O, EAMAE
i AR — . RIEFBIOHE, RN SSERST, MeBREREN
BT PR SERTE  BhER A, ARG TR overflow + vents.

2 B AR RRE

BT R b B B AU RSN LR e DR LS T, wE
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pNCE NN R B DA

3d, FENPKESE L, FEPAMNSG, B—&HARMKOEDELE, B 5E
W R SAEE AR RN . B ETRAAREPI& R S1 7182, PAHAR
RSB BN, S2 Jid, B RGBS, ETERIN RS LA
R RE A RIS, 76 S2 A REALRRRAT ), FEITE Sk i R B 81
WER AT H 0BT, BETRR NGRS SR RRRIERY, 7 S2 A8
WA LR B ORI, BLTTOL R S ORTE, RAIEE 32 s A

BRMES, SRAE3-2.
A3 U ARHEHTE

Tab3-] The weights of manufacture at different part

475 i RIS S OverflowtVents  MEE

HE (» 258 123 175 49 605

322 REAZEPHRETE

 HERBERARDITTHANREN, SikERERRCERBEER, R
B Pk I RTEEED, 7R E AT, AR5 R overflow + vents. B HEBUAEIN
BRI X, P TR LA X, overflow+vents TR Sk #T
Rk Xy FEEBIEEN Wp, overflow + vents (T E K Wo, RIE LI L4 RRAR,
Mk eI RS BB ES TR AR R ER:

W=p*5(X’-X) 3.0
[Fl e -

S=I/4+D’ (3.2)
ALY 6 PNER) N T

Wp=p*S5(X2-X1) (3.3)
¥ 3)a ()04 n 8.

Wot Wp=p*S5(X3-X) (3.4)
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KNIREE R LR S 8

p: MEHEESMERE, 1.75g/m’
S: fhkmgEmER (m
D: Mk BERZ(m)

sl 52 Velocity curve
m——————
Pressure curve
CDE vl el
F
B G H

|

B34 FXEHE
Fig3-4 The plunger’s ejecting diagram

WRIEE 3-4 LI 3-2 0140, B YshskRIE N 178mm &, B4 EE
SR, FELETR. RIERX -1 HHSBONER, KIBG.1E: =7
MBS X A: 172.43mm; KIBG.HB: P REHARE DR LR X 5.
152.54mm. FE, BEHLEIANRONIEE 100%55H, oGS RREE S
DELMGYE, UASRBEREEA B REN L. RIEGD, AL
3-1 BURR 3-2 BOMSCHIR, 1540 Zpbkfi®d 109.24mm &, MhkBlikmniEs,
APk B A 13856mm B, FRSLBARESRIEAL, UL LA AN R O B A
29.32mm.

BTRTREL, mEABMAEES Imm, FRE ik EEaEEeE, 2.

MPKRIAIE A 109mm B, &BERIAGOE: kGBS 38mm i, &8
BOTHENE, BIAREE, hRMMB N 152mm FF, £BRAEHEGE, FliAREO,
MBI A 172mm B, SBEFEHT G k%A 178mm i, %427
e

FI, FREGHER A 27.5mm, S5HHBHNERE 29.32mm, FE X8,
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AR TR RAE AR

EiRAE BRI ARSAHIER, HRBES 93.79%, Y kit HEAR L 55EF
&

3.3 ESTIES

BEEPRMIED), &RBERRER, REEEHERNARAMAEALLR,
HERBRHHRE BN, BAMEFTETR. REOEEREE 34 rPkEER
T RFEHRFES AN 4NN B B— R RERE, MR8 Omm 3
109mm; FHE: INERETEL kARG 109mm F 52mm; BZRE: mE
B2, Wk AR 152mm B 178mm; VUM E: mkFIZs), HFHEsETERE.

R 320k EME Ex S S, RARE N
Tab3-2 The values of disclations, velocities and pressures corresponding to

the plunger ejecting diagram

AT A B C D E F G H

fI¥ (mm) 109 137 152 153 158 172 178 178
B (mfs) 0.5 3.53 4,23 436 3.95 3.79 0.21 0.15

EH (bar’) 5 137 230 230 230 460 490 380

3.3.1 {RiEM ER

IR B AT LB BUE B B sk % T FFAATE R, TERAIMM AR,
R EIR R TR, METEANE S F i B3 S MM RS . TEIER TN
BB SRBAERVE L 0.5mis MERATIE, (EHE0 H RN T bk R ARt
LigE, BRSNS B A TR .

3.3.2 hniE B R

LE - B FEGEE, MENBEST . ANEERRHBEINRED. EixiR

* 1bar=10 *Pa
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b R B N T e I L A T

SERTBL, phk fIE R B E TR LA R S IU R ST i B (030 T4 SR IR - 4B B i
AR M 109mm B 152mm, £ FE R LU 2 sk A 109mm 2 138mm i
AT sk 138mm 3 152mm RO K.

LppkiE)F 109mm, BERELSEDIGHOE, REENTERE LFHEL
BRAERE P tEME. SrbkBzhE] 137mm, & RREIA BEIE A R B
TR BrbhskN 138mm BEIE] 152mm, £BEHEFIE A B ORI B E FHE K.
FEDERT BRI PN L AR, aTLUE  20h L A7 138mm B, 7Pk R TT 4
TN, SEMEESDPRESWT: BEBRAELEZARIIE, HTERREH
RERT&BERER, RtSRBBHAES AR EER R, BRI R
SRl LAREAS PPk — R M HTAES), RN kBRI AR, BT LUk e — B By
TERRRME 7k . BRI RS G, € BlE T E A Bl 5 SR,
ITEMRIE MR, EX—ER, BT —MENRFERNETEETE, 1
FEBRE IV FHER LIRS, XS TEEEE), MLER L AR — R,
Rz Xt b Sk OB 2 T A K B BE O, (845X — B BRI ST PSR 38 K G B0k R
BT K R TSLIE S K, (B4 RAERIIERE T3l — B B IC AR I
X EFIRRIEN, MRFEDANESBROEEEM, T Tl R amee.

333 REMER

HeBHtdREnE, RHEATRERERE. B THRONEERE Imm
B, BAREM “HE”, HHORESHIREARKMNEER.
3331 Wmshid i

MR 152mm BEHE 172mm K, FrESINEBRARERS T RHRE;
RAZEE A 172mm BEE] 178mm B, Fritsif & BRI ERE T overflowtvents f)
i, B AT LAADIE , S0Pk A8 R 152mm B, £ B AR O, Mk &5 20mm
Ja, BHEBDEOE R R S TR sk A 172mm B, SRS B SR
5 AR 1% B R overflow +vents 78 78 178mm 4, M kBB 47 2 F 1mm,
Ko & AN R L
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ARG K F TR EF AR

St R BEE AT A4, RIRYE G SF H S8 BRE2 178mm, T idig
EHEK, BEELTFER 0, TSNS RARNE. R, A CEF SEERK
A, BEEREETET .

3332 REGTE S

SRR, HERRFAE 4 FmE: Q) ms, @ uHER, By
0% B 20 B BE TG %A M RN, XOR A 4 & B AT U : H e g
SRS mAEEOREN, dTBEERNREEENARRERS), BERTEINE
BpigemaiRas, MR, G)IELR”, BREREEBRMENEMHTEARE
RIS &R, 5 “WisTR” AL, HERE, WIEFR: @), ENEE
Hab & BB Z A, B TR ERMIB S BH.

WIEx & BRI IRA S, TLEBE RS RES R 3 MY (DR
B, Mk 152mm F] 172mm; (2)753E overflow +vents B ER, Mskfr M
172mm 3| 178mm; G)FEMEL, sPkMABTE 178mm 4t.

BB RETRNER

C Mk Mf Y 152mm B, &BEEIAAED, M 152mm 3] 153mm, ALH
EEAF LS. SRER: (VERERITFENER, REARSS, WERENHS
JUERAERAN, 7 HbmdEFRRMREXEDFEERERL E, F2BRMmERT
K, BBTE 153mm 4bphsk i ik BB A . (QREMA KR EARR 4 Bl BRI,
HREESBBATEN T RERNLE SR OE KRBT E— 2R, EH R Z
HBEZ A, BE-—ER ARG A L& kand i, fulEs
BRHAREORE, MkEEARKMERN LA ERRKE.

ZEEMYERR, SrPsA 153mm 2] 172mm, HEMEEEERENY, FRESD
EFHRR, XEEETREPEAR BN BRAORER X ZRETTHN, &R
BV AL E TR 45 58, SR BEE R SRR, MBI & RO 0k 3 id 7] o 18] 7%
Bdh . SRENWAFTENERERAY. L, 5SEETEERML, kR
ARE HD, $RBHEMRREHEARE, ATSEEERRE TR, IHEIHE
MEFEREEENE . BEEERD TEBRNSBZOME, SHEKERmR,
FEFE 3 ch SETE Y i P BE TS R R 52 2 T D P BB HEME, IR BN & (82 B B
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R LRI R A F X

PR, FEHEMENEKR, DS PR Bk AIAIRE K 158mm B,
MEFR LA, hhbpEESHAMMERER: —2Z3HE, BirhkEhR: 54
REA, e ERERENR)THEERRREBMME . kg b7, Bk
REINMEHE, BAGERKSEENTH, XS5LFEMFERTEERGFEN, %HE
LT FE R BN RFEFER.

WEIE M, FREZME A (DMK M 152mm 3] 158mm 4, Tk
EEM—AF &, BEAEE, RETE 158mm &, JEHSE LT, ()7 158mm 4,
A& RELR, ®ALIEE R ) 152mm 28], EHEFRNEEK,
158mm 25, [EHEHFRBELT. BALHMERESY, FRTELESARERS
EAFEMRERN B A RERRS, EEDMERE EF, WXL b, T LUAnIETE
158mm Z A, IREMBFEBMERRE, 7 158mm LU, K bEENE L%
A4, bkt 158mm &b, ZEMUOREIGAMEIR Y, EEHEH L.

B WrB: 7 overflow +vents fr &

LA A 172mm B, PR EARTRHTYE, KGR EER AHE Sl T on A BE R 1
£ B WR T overflow +vents, TEIZEFEF, mLHfE k1 3.79m/s FEZE 0.15m/s, i&E
—RAME. WTEUR IR RN RR R b BB, BIZEIX — B h Sk B9 S
BR. WEEAMLE, BEMLABRER, EHARBKR, 7 174mm ZEAED R
KAE, WEIZE R SRR, XRENPL (1) ERKHMLENT, 8
Jr e PR BT W D S RIS T AR 4 R i8S () BiES R
HTE R A R T T A MR SR TE IR N T I AR &S i AR B 45 S i O B H il — 2B 0
s; (3) ERE—BNEE, MESBRERNGK, SRTAEEA, 4RaEHK
Hit—%, FINBEENNRS, 4R4EBOERMSRMEHIK, 5455
ks (HE-BrEEBEERETY, RROETANED, HZHRIBNESE
WD . Bk, Zd B P RIBPEBIRIRE TR, w3kl B LU R R e .

BB R

HEp R R FEMREN B B S, BT BA IR A, B, ERE
2 B G A H BAMRBMGE, A AR AMER SRS, ki)
BB ANF 1mm, FEE S 2 ERREFE 490bar FF. B LLE T LB BN
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PR N e st ) A e S VAT

RN, FEEFRE: (D BEHERRNERREARAIHEEXNES, B
bR S CIE BB KE. RATERKHENDT, SREER, SRS ARIEIEE,
FIE AT K. QEZEARE, ARE, BEARER=H 0 EER %,
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IE% A S S RITIERL 4540049 (protruded hook) 7EHERLFLFufi¥
PR EE R, FHik P B REE A A T M. RO E D
B 4.1 (a) Frm. AP EERE-FHLAMGREGE, KHEFOMHETETA, X£HE
AR 7 [ FE T On i AR BRI K [ER SRR F R IR AR UE TS
LYY B A0 TP, (B R IEE R AL =5 R o U2 B — T s MR b AT 55K
KLES IO R M AT ARIRHEREE (2 AR &4 hEE R 2w
T TRAMBEVHE, FRNETLREES AN T RENER.

(a) hHIER M (b) AHREFER
B 4-1 BHEEHFHIERLHAB A PEFER

Fig4-1 The appearance of a framework of a sort of mobile telephone

and the direction in which a push force was exerted
42 ZRHBIR AE

MBI AT HEAR R iy AZ91D BEE G 7E 200 MERGHE RHHL L4, lR% S5
% 4-1 FiR . B FREE R 0.8mm. 487 M AEMIA AR P, FEAE SR A MHEL S
PHBR F I 2 7F Instron5534 MEHRRNL L, RBMAMAT—EHS, WE 1 (b B
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e HESAN IN TTEAMIN, S8 CHITREHEERIR RE, BAHE RET LS 20N £
HEFREESBOKIE. SRR RER KYKY1000B 48R F 2% (SEM)
AT, FIRTFE H800 44T T 45 F MBI 4 4.

FA1 AFERABET GRS LT AHK

Tab4-2 Die-casting parameters of the manufactures analysed in the experiment

PEEh 200 ton WS IR 600°C
Lttt it 1.8m/s HPiRE 680°C
ST 80g AT TMEE 200C
—MREF IR 18] 17s RLFLRE 285°C
ik 30MPa
4.3 REEER GG

4.3.1 PRI

& 4-2 B TR RIOBOCHE T S IHHESR 4540 -R ¥R I AL ROBRBETESR, AR &b
MRERIEE, SERRE, —Bo0E 424 LOERERY, 5oL 4-2B
Abf A EESY . BB RIE R R B T BB R A AP, KT REH Y
5, WP T oA LRER. SHHESh TR NEFREZEN2RAE, REM
i 2R,

ZERMGRITE R TR 3 A 2 A, AR, BERKSRRBERE
AR, RAESEARER R, AT A i E e AEd, HERGRE
T BRZAL AR AP AR, RRIES LR T M ATHER, %
A RO AR B E A 4-3 BR. i TRREARERRAAR, RETARE
B AN &% BRI R,
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MEE BT DU = S B B HE S aer K T HE R AARHERRT 20N, L Z 1
TS TS5 B A HE D B R B, AR, BoKHE D BB £ B g n
b2 TN DR

B 42 Fostar sk ey sk AR
Figd4-2 Defect morphology at the turning of the protruded hook
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N

B 43 #HF R EBRIATED
Fig4-3 The sketch map of liquid metal flowing
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h e AR RBER. AATERAR 4P, BT UE RN E
HEHER

_3pl
2wt?
p: EWER (RAHEHELD)

I: BERNHKE (mm)

w: BERMEE (mm)

r: BRERMERE (mm)

% p=32N, /=8mm, w=5mm, =0.8mm I, A[LIBF] op=120MPa. & N3E
BBV, R4 LS MR EE R T % EE, B4R TEEESSE
Bt B R KB AR (> 170MPa) P2, — BUSRUEPT R0 B3R B K T A R,
MEA b THS0AT AR AN TF7E — L0 1 PR 32 e L T BB SOt B (%5 AR .

F 42 HRKER

Fig4-2 Results of push force experiment
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(4.1

BAHES (N)
RRLE iE
RAE  RME A (RARED
1# ELH 36 25 30.4
24 MNEW 39 27 31.2
3# FELZH 36 32 35.2
433 EANEBEMEZRSN

it SEM XHEEAFET AT T, KBEHEZ A, ABR. TEDARFRE
HUEREHEER. B 4-5 B THEMSROSHER TSRS . AE
oA DU WA R FLIR, XA ok e & 2 B RO 25 AN B0 T X 5 44 1 O 2
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HIESPLRE R AL R B AE D, FLIFI AT LUR /D B FEAR ol AR o

(a) %3 m (b) £21A
A 4-4 F4akAr s eh B R
Fig4-4 The fractured morphologies at the turning of the protruded hook
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FILLE SRS, STBIRRAOEACEEIIR, W 4-5c 35 1.

S LR 7E T R P BT LU, A ZERHAE 0 ) 2 R R A
IR R AR T AL, BRI B R <RIBS 22 R 7 1 S
—HBAE .

BIOKH, FURNTERAERA EEEE: BRSPS & R R
BN L BRI A RSP X ) S P R 0 S0 L R R, Sk
TR 2 B BT 2 SR A RS T . TEEMS, KR
SRS AR REILEE, TRkt B9,
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Figd-5 The fractured section of the sample with slight excess metal
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FLE EHHRRELFRRELEIERR
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BASMBRBARIIE, MRERE, EHRYERELTUEE LA R
FITE R — B R B o e PO sk, RS ER L
Fhob LGB A AEGRAG, A& 7 LR ¥ SE G W LUE S BB RBI R, BEEARS
#Al, SEELFHAAH BRI RGN, XEREMZR, FW T 5760
MR, —EHIENEARE. Hoh, ENFHEEEZ Fr RS e . &1EmFh
TEHZERF, FSRG TR MBS A T FERE, R TRXKIRS. &
EHHNRRORERT N, FREMNAXE, URESRSETRIMRE.

52 KEHMBIRAE

A ERATENABS Gl 5-1), BKAF 1.00mm, RAHEEHFES
i, E#HZHmE s-1 fiw.

B 51 TR
Fig5-1 Macro morphology of lightspot
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AR IE R LRI, B AAEREI).
R 5-1 ARG MAR A R LT AR

Tab3-1 Die-casting parameters of the manufacture analysed in the experiment

it 250 ton M A I 1S 600°C

Sk L S 2.7m/s FEYHR AL 680°C

SUESR 120 g BEETRIRLE 200°C

—AMFEER B TRl 25s R 285T
ey 34MPa

BB 5-1 Fioniy AL B 34 (R IMABET, BREMEHE, SBENEER 4%
FITHRR ISR S, FIA ECLIPSE-L150 NIKON &40 B84 BIEA L RE
FIM JSM-6700F 134 f8 T B R X R AR AT WL ST, Wi SEM ME2%4
FORENBRES: EDS AR THRBRALS DT RMNRS & &, il
BT 208 G WS AR ARE & b F A B R 5 AR

5.3 LR

5.3.1 REMBLO S

B 52 ARFBAHESHALR. KRB AR ARTEHELR, Hbh
TR BREN SR B a A b K3 FEHE A R e TR R TR
SEHT o A KR T SEAT o MBS, EERBAI (a+p) HHAR. RMALBERmA
BEE—HERNER, WATHNEN o 8 LRBENTHAM, TEZFE. B (Wl 5-1A
AEYHIER B F AR A R R IR AR A L, WTLEHALIRYS, &
arRL A /MSE RS AR, 1R RA AT B AL RARE BN, BEKE
R8N
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Fig5-2 Metallograph morphologies at different part

XA FFBALA EDS et R g 52 Bk, WAESERRSA LATLL
Bl QL o BPESEEE, HXh o, HESTEHD 7.6%, HEEGE&PE
MEEBRT %, EPpHPHERRR: OE a AP AREHE Zn, pHT In HERAH
3%wt. @RI o M B ITIEIRNT S .

R 52 FEABHALSE (RETHS)

Tab5-2 Chemical compositions of various phases { mass% }

L5y
Mg Al Zn
#H
Sl a 48 96.12 3.88
5 at 92.4 7.6
HHpAE 74.43 2245 3.12
e 79.39 » 18.05 2.56
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SI2HFERAEREMON

B 5-3 B/R T IR HIE R SEM JERR. B 5-3a FRILEHAR
HEH—, BEMEREBRIES AN RSt BHL P p N o M. TE 5-3b P
BFEE—AFTIER L BHAR MK, X— X8l f62 th 3P FE7ER ST o FB7E
HE R TR AR

F A EDS ik tr, AR MBSSIERWME 5-3 im. RBFE CAEHE
Zn, W AR B LHAE Zn. H5, ALK AL Mg HREIK, BEEPH Caliy
BEE. 5% 52 X, X A LR REN o« M+ A ERRAER, B«
F+HIEE R, C bk pAR+ER L.

F53 RFRHERRSENLERD (REFH%)

Tab 5-3. Chemical compositions of the coatings at different part { mass% )

s C O Mg Al p Ca v Zn
04
A 931 3734 2492 418 986 1064 305 -
B 521 18.08 5939 7.62 652 219 099
C 972 2935 4238 975 448 1.7 0.7 1.72
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LEBAEAN RPN, MESEHEARK. S8R eRlgE, FHkEEHk
giEg, HEsa bR, NERENEE TREESHTE &,

SRS EEMEAREEATSE, £EISESSHEBN—HHE. F58ME
RS BRI LT 300~400 XSUE) Foemfy, MBS IHE, AZ9ID &
S BT AR P 3t R SRR KIS A BRI E R (G E %),
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Fig 5-3 SEM morphologies of the coatings at different part
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Fig5-4 The phase diagram of Mg-Al
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Fig5-5 The sketch map of the pressure’s influence to the

metallic melting point and the range of crystal sub-stable temperature
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FERAHAR, EHif R F R R SR FEA M.

3 PE iR G RREY, Ba P RRALMT B Al &
BHBRAXR. RBGS0E LR REMENRS. Bt haaRE, milkh
fi ) RS0 . Zn AFTE RS R AT HARE AL, RaE& S imit.

WX ARG SEM MBI ARG L, FH45& EDS Rt ®, o]
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PR AR LU ST o M, TEIE B FERLR P K 5 58 7 OB AR 4 0 3L R AR
HHT o AH.

Eth o 48 Al T EED, fMtEEE, FBCEERBHLEIRES, & o M
Mg MIFER S, FIRERTRLERFAINN PO iR, BRBLERRTY
ﬁ%%%%ﬁﬁ%ﬁiﬁ¢, Mg S 8B/, 1P M Ca MERES. LEAALKIE
PR A AL R EL S eI — B, RN e TSk £ /0N, PR JESRE 20 E R — (1.
BT 54T o HEHEMAE R ERORAERS M RER, T AR LRSS
MES, FRLELN o M EERRR. BTHEALTH o HPH Al ZLLEERTE
SNETE, T B AR E Al UL SRR MY, X8R T ARMERHM L B4
Mg 1 Al FIHEER AR, RR b3t B AT Zn 7FE, (EHSAL PR oIS B
H LM FE R HRERR LR EESR

TESERT o M LA IR RI R S0 B AL S 5 A B R M B R B B
TELT, BB R ERFERA R DK E R, NTnDESSF RS, &
FARGOARTE, FEETRAOLFHREBERE G, FHRAM LR LU
LR AFE RS, BRREKIRTEMNE . BT W o MATRRPLER
WRER, WHATHEES, FHENRIENRSEHE. FITEE o i LI
(L 2E AR R E RIS, MERN LRI ARE EETENH 2R
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6.1 515

ERESNERLEP, RIATRRGESSBRMINREFER 34 1~AF, #
HISH R A NFERY, MELFEETERNTRENRE Gl 6-1 Bim). B 6-2
AR BRTFEMETROME. IHBFIBEMREERE, T UGSk
TEERIRTE, T ELBRE T AR E.

Hitm R E e ig e B e et E RN E R, HARA S RARTERREAR. #8
PRV R TR AN AR, FHFREAEMA. X T8RS EE Rk M
Beal, EEBRPRERMGASE 1, EHREERELLE ARBLRERRE 2, mE
6-2 Fron. i BE)EHIEE, JHEME | B MEES TSR EER 680CH,
AR BEh TN, IR TRERS: LEBEET 680°CH, RIS uA
B, (AT IARE. BT HAE 2 BRI S AEE, FTeiRaT
IR AR, H SRR AL S KGRI NG . ks TAE, Indaadin—
224 10min, (R K RI7E 10~15min, T BB A5 1 Fdh fL {8 2 BT 7R B E7E 670~685
‘CZ 6, BERINBA. TR SG-612A Lk AR ACHIEYE X BiTF BB SMGE
B4 900~1000°C.
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Fig6-1 Macro morphology of Fig 6-2 The sketch map of
crucible’s crack crucible’s structure
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R IR F WA WA F AR

IR EE W 3 SRR AL — SRR M AL T R RS AN L WU S 86, B
£y 30mm, MR EEMEAIA. HAMREER T HIBMNH M, BEHR
25mm.,

£ 61 KAMHERS (RESH%)

Tab6-1 Chemical compositions of the sample ( mass% )

W C Mn Si Cr Mo Ni Cu P S

AR 023 086 023 003 002 005 004 0.015 0.008

W@ 023 08 023 003 002 005 004 0.0i5 0.008

20Mn  0.17~ 0.70~ 0.17-
=0.030 =0.030

(fFHEY 024 100 037

6.2 LS4

AR B AR A RS SR 43 U e K TE T R IR, SRU5 R F IR
B RS . BRSET BN Z 77 E R E RSB EAE, 2TitaEE, A
A% MRS IS, SRS ECLIPSE-L1SONIKON b2 Sl 2 4, [l ) 3
JSM-6700F 4514 4% xot TP 24 S 0 BOHAS R 58 P i A 28 SR AT R

ERIEAREAL, B XY FHBEHTES BRENE. By mia
+4°, R HRAER 4KeV, B HAXUAE HI H-800 BB H RBUE.

A Z B AEA RIFSALB AR AR, LLIHAR g, B0 IL I GB/3076-82 it
T, SWHEE 2mm. 3 HRFE S HAEEIRBEHEEA (%), SEEFELE (2#)
ST WFRIEER)EAL (3. F bR RYE CM5105 TP HEIT REkRHALR
HLEHAT, INEEEEH 3mn/min.

6.3 LIGERE ST
631 {LEHKS

RGBT, HOREIBME RS —BE 6-1), 194 20Mn 411,
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Fig6-3 The variation of metallograph morphologies along Z axle in deformed area
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B RO, EFRDM, B HSEFEEIERAE R REH 6.
R RIERAL A2, BURHPRAR, B RMEERETE, [0 4 I AR B AR
EARFMR R EE. FBRAMRE Smm A< AL ER Bl R TR A AR AL L 51 A Y
SR PEIICGERAE) B R, EERAIREI AT RA, ER TR E — A
KU AL, BEIFRNKRE 1~2mm LHSAALR, 05 THHRRMAL,
EWHALAEYRNAE. —MARKEUTE 6-3c, BR%KEFARWERK, B
—HMHATEHRE M, XERBRRRT .
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Fig6-4 SEM morphology below the crack surface
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ERIRHEIRS

xRN R E AT TEM M2, S5RWE 6-5 B, KIEBRE A+ B A
B KEAMBREZFER, BRZE —FOERAECLTEMEIR, HERILKZ
%, XERE NI SHREE R2ADEH.

6.3.4 Hi R RE M

Mz 6-2 ATLLE Y, B — MR RE (34), 1A mmH— B R 8
SREERAE (14), AR EAFHIARTIZE. REBIERGERTN 3, WA
3R 11 B A1 2R 0 K o
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WEATR, diT RS ENIMGRE AR, EHR2HRFH Y. 1R KB
W M) IR B, R B 900~1000°C . B T-HISRREERIAT /5 0h IR —SR4MiR, 71
FHRamfeF, HlE X FRASTIEARMNES. £ZHH, HRMEREM,
ERMBWHATE, Fibil Z B AFEERRNED. WB Y HE, HTES
AfE2 B R EREERA RN, RENEEEXRR, FRTHRENERE, BIESE
IR (9B & B4 5 R A A,
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Fig6-5 TEM morphologies of the part near the crucible’s inner wall
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o

6.4.2 IIRK AL RYALELTIE

20Mn ARNEKESAFNRE BB, REERD, ERLAREL. BT
SRR, BEREE 680°C, MUARAEHRAZM, HEUIKN F+P.
EHREERI S KIN, T LA e TAMGERE, BRRAWIHkE, &
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AR S, SRR EELER. F AREAMNA L, £5HeRIE BRI
AT R TR P& BIEAR, SRE RIS, 3 SR NI & SR MM R
Wzl

A 62 HIRK A RE) B4 e fb gt

Tab6-2 Extension properties of the crucible failure part

among different positions

T2 FR5R E PRz R il LS
gs; (Mpa) o, (Mpa) 35(%) Y(%)

1# 218.72 406.24 26.52 32.76

24 230.63 439.06 31.7 51.28

K} 234.92 450.08 32.48 59.55

HIRL R B 5 AP AR, T 680~1000°C 2 B384k TEIBRELLT 720~840°C 2
EIRTRKIRET, BABAAESHEEREEKA, A490H F+P+A Am: REN, ASR4E
SRR, B FP, EMFEANEEGEERRMG%ERDTERERE HER,
AT AEEBRE AR, M {E M B YEREAR IR, BT LA SAR LA rh 030t RS o R 1 A 1R
(B 6-3b). TEXMRETER (680~1000C) MRKHMEILEER, BLARETHLM
A—MFERF BREWEEAL . ZRBTHEREBBRAERORVEKX, FHENAS
REFHE, BHMLE BMRERMAD, FHTFERKRE L,

6.4.3 KBTIESH

HHREFHERES, SSEEANARTASR Y F+P, SFFREH A. # 20CTF
BRSO AP, BT A RERAD, MR RE S BRI iRk
K, WREFAERR S, LEMIBR, FAERS. Sk, RilHEgEmRek
ZK, B, BT RSB ARIRE, SR NT SR, Bk
FMHE, RITME, BEATTE e T SR ME R IR A, Xk
R LWRET R, BESHEN. YRANLLHRE, FHLENEHENGRIIR,
SHEGBEER, FRERSKHTFARSORE EP5E0BENs&TE,
REGEBRANELYESIRN.
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1 IR AR RO T 2 R B R SR MG AR 5 B AL R eh FR e 1R
@, fEshREsmET IS, FERPENRAFRESES, ROFEHKRS,
BEORATRAAE, R R SBRE A T RS RA. MEHREARMNER, sen
WEFPET T, BT ERIRE.

2. BUUHIRE RS, RESXEant, @hRnnAEERHEERT
680°CHIK BRI, AEURHTH, MR HRR K.
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1. P—Q2 BB T IRSEHIAE PR RBFAF RO 5 tF, FFEA U TR ATHIIE S fEak KU

2. A MRS (BE Imm) MBEFRIANTA 34~46ms.

3. MIBERMEMGE, RN B R AR, T LR B AR 4
AZAHBR: BB, RECGIE; BB, 7% overflow+ vents; BB,
RN B FEZTAE D, WK BIE DT i [EFERAR AL, SRS b ISR A0 E RS IK
SR, BRAKEDAEEK, ERMEDIEIMER, £15rh k35 LR R IE
-0

4. FRHHBM FERBBEHNDEERERHENTEER. EHIETS
TE R FLIRIR A Al RE R IR B 2t REM T HE R,

5. REORMNFER DTN o HALSHEEHERLERE B ICER
IR RSy 22 72T B IR AFH B R R A BT o AR B TRUA R R HARA
RAE

6. T B WU AR 7 RO 0 2 25 B R AR AR 80 28 AL Ao
B, (EhRm A TN S, RNFERAEN#RRELES, REEFE
JEBKIRZ, (EIRFERRK, XENE SRS TR RO MEH IR E I R R E
K, RERGEMART TR, BEFBORRE. ZUOHREEHLES, KR
KRR, EAARHINAER RS EST 680CHME—EHEE, FERHIR,
M BR LA IR
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