2025% $E1288/8 745

TZHEAR Founore

MEREEEEREFEHERIU

EEREN:

= B8 8 (19%-) , 5,
TP, TENFEHET
2RI REERIAMAL
E-mail: 1204247872@
qg.com

BIEFE:

wmE, B, #L, #E.
E-mail : yangjun@djtu.edu.
cn

hEDES: TG146.21;
TG249.2

NEtFRAS: A

W ESHS : 1001-4977 (2025)

12-1597-09

BEamB:
REREEHHmES
MEZXFR (BREFEE
% 2021-KF-15-02) .
WS HER:

2025-07-09 WEIXHS,
2025-08-25 WEETTFS .

phrSIZ=it

REE', BRT, B B, IRF, XFZ
(1. L EEBIRAS), T1LE25S 066200;
2. FACKSMNRZ S TSR, T8 110004;
3. KESEASEMHR S STIRY R, IT5A%E 116028 )

WE: 1zFFlow-3D THXHEEHFIEENBSABIRESERFHAT T RERETIED
T, RItTHEIZHER. BEMURIEE. RREEENENFEFTIZSH, BERR
A6 MO TIE=IRES. RKEE AN EHE BRI T 21815 L /I1RIR376 Pals. 1RE
IBENL00 C. REREANT0 CHEFTLIZHE. EFMeEERHBHIIMNRE, RALE
[EHORRIE D ZERE . WEMD MFHSEERNER SSRGS ENTRRIITE,
FPFTRANEEHETI Z5EYIE.

Kigia: MERaEeER; Flow-3DRM4,; RIEHE;, T2&RiH; £r-8ik

ERENBEFHNREE R ZEHFHENTE, BHEEE. MEHR. I
e . SEUNHZUHEMREERK., BEEMRENEEZER. BES.
PHEIFAIM IR SR S, W 2N BEELBRFIEM .. FiERETIRaRE
NBBENEEL Z2—, AMERESHEETIREFR, TEHERTHEILED (5
£Z) PRaEHEEEEdiEY, EBMLsrrE ARG, BREES
B NZMEE. DRSS AR N, EERE, SHAREE, R
AERE, AETHRIRL, FEAFERURETEELZLREY, REHERARRK
BREEHRAEMET . IRES. RERANTIAAREShS, EREELSR
RETFHWET, EREFELESRFINEHRENRERZEES, HHUHZH
WERME . RESE—REASEREE, TZ2ENEERA, BYIEEEIITEN
IR AR SR, LIARITAOTFARA. BEr- Rt &EnEam"",

KRR LAEDBEEAISCEE T ER NIRIISR, FAFlow-3DIEDITEESE
EHEGRERENRERER. £0%. BEH. SUESHER, KIERERLSE
RRITFETEREREFTZHE, RETRESEH-RRENFETIZ.

1 A3SGHREGEER~mMNFE L2751

ABGIEE TR D INELFIR, BER2.7 glem’, RN . W
MmN, FEtEeeit Y. ASEIEASERITHREMAKIERS, HZE. YIE. @
&R AN T MBI BEIR ISR AT .

F1 A3fB6 GENZFEMRS

Tab. 1 Chemical composition of A356 alloy W /%
Si Mg Fe Mn Ti Zn Cu Al
6.50~7.50  0.25-0.45  <0.20 <0.10 <0.20 <0.20 <0.20 A




Vol.74 No.12 2025

Founory L SIS AR

WELT R ABH=HRIK, HEZERA
@650 mm, RBIARIMZADPAT8 mm, RZRFIP446 mm,
BIRE347 mm. FHHRFR0.018 4 m®, EKEFREL
1.43 m’, [REF49.2 kg. BIIREGR/NEEEL2 mm, &K
B#[216 mm, jEX=[238 mm., B EESIL. EH.
TEINEHISTRE .

El waEEY

Fig. 1 The aluminum alloy sleeve casting

2 A3S6IEEERREHELZS

=gt

=it
21 EERSELT

BREIRERE, AR, BEeER%Y,

AiREE R NG H TR RE I AE AR
BN AT (1) #TiE.

A= o (1)

P AL ANREEEHER (cm?) ; CABHERS
(g); pHIBEEEE (glem®) ; vARROLLEE
E (ARIEFBEIEPAERNEZRARE, —RE
v<15cm/s) ; tAZEFHHEELFAFEE (s) o

(a) MM

e S =
(¢) £
Hs W

-

EESERRTAREEREN, REIRARSHT
TEEERL

Ag i Ag P Ag=1: (2-5) : (2~6)

RSB SOiRE i, IS EmmERL

Ag T Ay @ Ap=78 1 188.4 1 198.8~1 : (2~5) : (2~6)

RIT6 Wi, W FE=EE, BERRIREA
BUN2FT7R.

E2 ZERFRITE
Fig. 2 The design drawing of gating system

2.2 RESEHMEERIIDT
B L 2RISR =R R st S
ANFlow-3DEf4F, F T Z2 R TIRERMNIEL S

BHMRAAIGIEEE, BENHIIMW, ERRH:
REEE-EEZENL 750 W (m?-K), BIEZEE-1E

B2/8)1 000 W/ (m*-K), REFEENEBELR .
FHR N FEEES21.5 kPa, FREATEI2L s, EEEIRLELE
7339.2 kPa, {RERTEL 300 s, STRE 700 C, &
BiRE9100 C.

NRRBEHXRBNEREER, EHEE=E
ARIRELPIEENN S (I8ixE) , WEBFAxR.

er

(b) fHHLIE

(d) L

IS EE

Fig. 3 The location maps of monitoring points



2025% $E1288/8 745

MFEEIEDHELL (E4) BE): FeE45% 21,
ERREEDDHERYS, REASDKFRLEF, 3
BUF|55%HT, A=5RREEIZEL 000 Pa; FE

Time = 11.130
i
N (a) FmA&A5%
Time = 15039
g (c) FHIH65%

Time = 12.705

Time = 20293

Rt

I"Z",'B'Z* FOUNDRY

65%0Y, (RRHEEZ=HANBEIN ALK, ST 2
’ij(/u ; /%Mr—ﬁp\]/mgﬁtﬁxz_’:l 000 Pa, BLE?E@@L?;
T, SR IEHDEFREEL000Pa, {E4 (d) Pk,

(b) FAI%55%

(d) ;LHET5%

B4 FEEREEND
Fig. 4 The pressure fields during mold filling processes

BHTAIEEREREMU (E5) B 7845%

i, WRESHRENRETEMEREEELRN0, &
EFAR; FeEI55%HT, ii*‘lj\];‘&%%,iﬁﬁféﬁﬁso.% mis,
IEER/NIEBRANIFRIEZMTLARE; 7
AIRI65%RT, HBRIREZE. K EL%F&'%F%

Tima = 11.130

oy

(a) FoHIR45%

Time = 15009 Vekcaty S vy |

i [+
! (1]
‘ (1]
| o

am

ot

(c) FEIK65%

IBA90.1 mis, WHEIHILKED; FALBId65%/E, HEL
NEBREREEEARN, KB LFFia. NEBNFEER
WRRROIEEETW R LRI, 0.1 misH)iREESRE
IR E.

2L, NFEEEENEDHIEEDRIUSHTA
(b) FAHEE%

<w

(d) ;LHAET5%

E5 FELERER
Fig. 5 The velocity fields during mold filling processes



Vol.74 No.12 2025

iEE Founorw | AR

M, REESEBREREEFNE=BEM LT RN
EAMERZL, BUEFTK, HAISHILRER
BHEREEN.

3 #MERFRITREEERNS T

NEHREIRNREESHENETTEL, &
BARESRESR, HHEIERIFINE=INRESED
HERS590.09 °C/sF10.07 Cls, HTFEZEEITLK,
EHHE=ENENRERHIARIRAFEARBR, R0
HEREH0.06 Cls, FREIRFBEME=ZBE RN
560 C (&6 (f) ), NREEEEES HHIEME
(B7) O EHENE . BFEZENEEIRES
FRERGHEE, RIEIRFRLETAENEER, =
HAVEESIE, BEEART, BEFERIRRD
WINEZEHBIMBNSHEEI . ETREITERN
i, BUBIRITHNE R G KT+ NMEFNE 25 E IR
o

HTAERESEXETEEERBRAEEN T
B, BRFN«NEED. B, AxREFTEREREA
N EHFHITHNE, AT AMRE O, R RFRITREHEK

Tama = 1810073 Temparature Solocted [deg-C)

il
et
(a) BEMHA30%
Time = 325 0850 Tomperaturs Selected {dog-C)
590
575
580
Ead
%0
ot
(c) BEMF50%
Time = 532 8652 Temparature Selected (dog-C)

575

560

B4

530

4

(&) BERFA70%

HZEREINF. FEREESERNELNER, £H
EERBANREERAMEE LT, REMEN
ABBIEEE .. RHIKE N ESWESSFIR. Z=4%
HEEH15.2 mm, FERGLSHKEEN64 mm, SEN
18 mm,

MNRENTIERE D HEITIUEE: RETRIPIIE
HALE=INRESENIRE S 5790.22 C/sF00.16 C/s,
E=INERIRE NERR, RITEE . BRET0%E, &
ZHrEEETEEE, YEFIEIEsEERTIR
FISEHEEBEL AN o D TR IRE R SR T2
BESH (EL10) XEE: E=FNROSHREY
790.13 Cfs, EZ=EELHKIER TN EIZBERIZON
NEFGREE, FXRHEQNERD, FRE/ERRO
STEHHIRNGE . BUSHINERFRIRITHEESIER.

4 A3S6mEEERNEFIZHE

FERESETRS, EHlsHE SRR,
R, A, WENRE, EENENSIR, B
AN R AT SIS HEIRIEY . FHRE
PERIER (2) BATITE; FHREEEETRER

Tima = 246 8067 Temperature Selected (deg-C)

Bl
et
(b) &EF#40%
Tiena = 4160076 Tomparature Seiected (deg-C|
560
575
560
5
530
[
ot
(d) BER#60%
Tiene = 7020013 Temparature Selected (deg-C)

580

575

560

545

530

(f) BER%80%

Ee HREIREESHENE
Fig. 6 The main views of temperature distributions during solidification processes



=)
20254 F128/574% T 24K rounore

el 3

(a) @%@3:30%
a o
L 4

(&) BERIH70% () BER380%

E7 BEISIERESELE

Fig. 7 The bottom views of temperature dlstrlbutlons during solidification processes

E8 {ReERRUIEREAE

Fig. 8 The shapes and layout of chills for the aluminum alloy sleeve

casting
(3) Hi71tE
_HpK
~ 10200 (2)
I, pﬁﬂﬁi&%ﬂ%ﬂﬂnﬁxﬁt (MPa) ; HAZREBR
ERHBE (ecm) ; phEBREE (glem®) ; 10 200

PEMRERE (g/IN) ; KARBEBEHELY (K=

1-15) , KMEMESESHE. FRARSMEESE
%, MEF)/NESE IR, BEFIARTER LAR.
=2 (3)

A RFEEATE (s) ; vAFRELRE (emis) ;
EERLEFASE (cm) .

AREHEF, HIEEMEERENREEREN
5EEEINBER—8, ERSEEHRIENERE
BT, UBREZTEEANE, RASMLUB/NESE
BWRSHWYE, FEEFESIL. B 0. WL
DA EHETN =R, ﬂaﬂﬁ’%#fﬂ_&ﬁz*[m
REHFET, RESEERTENERTRE, &BHR
SHEEKIE, ﬁfru,mi,mgtt—ﬂx’%;_ﬁ,ﬂﬁmm T,

KRR, (RESEENEFSEuEENELL
HIE R, FHRATE 4 s, FRRIGERE L 325 Pa/s;
FEBIAT(B) 929 s, FEEUEFIRE 376 Pals, wiFIRE
9700 C, BEREAHNI00 C, FltAErFS5 (E11)
TURENENDG . BER. BEBRENBENDSH
BRHTEUDH, UREEENETSHERS
B,

NFESRRENDGHERUER (BL12) aF
H: SERFKTENLGIS, REIETER, EH
Z1E1000 Pall (E12 (a) - (b) ) ; FEEATES
15.04 sBY, EH1LiE 376 Pals, R EREHES



L

39 200

Founory L SIS AR

Tima = 1170257

et

Temparature Sslected (deg-C)

575

&

(@) BEHA30%

Tiewss = 311 9002

Femperutre Setected (deg C)
90

75
0
4y

50

(c) BERFA70%

Tievm = 117 0287 ,

L

Vol.74 No.12 2025

Tirwn = 1961074 Tamperaton Seiecied (degLC |

7%

ksl

ot

(b) HE#50%

Tiena = 00173 gt Selecad | deg-C |
00

L2
00
a8

30

et

(d) BEF80%

E9 RESHENE
Fig. 9 The main views of temperature distributions

Tompmratus Seiected |dog C)
s

568

E§ 5 ¥

(a) #E#%K30%

Tima = 311 9002

(c) BERFA70%

¥ H 1 PIPa

Time = 247 0033

%t

(b) EE[1#50%

Time = 300473

(d) BEF$80%

E10 RESRENE
Fig. 10 The bottom views of temperature distributions

(L0011 ] EE P ——
B

16 200

5300]-.—,

G

B /s

B EhHihsk
Fig. 11 Pressure curve

2 000 Pa, AEEI/IMEKED . 788025 s, /&mE LT
2, LAYEEEL E T EJIZ 96 000 Pa,
RERDHERIUER (E13) o REXSZR
BN R ERSIERE0.15 m/s, REZLIETE0.1 m/s
AT, &mE AT, B13 (c) &, SFEEZRERE
Z90.125 m/s, WHEIERE=HAE SN FEKE. E13
(d) &, $BERIREFEZEH0.05 m/s, BRRIIRESTE
FHBEDHUELAFTR. E14 (a) - (b) 7, 15
WHTFHRE BN ERE A NERE 350 kg/m®, H
BEREBHANGEEEREFS 400 kg/m®, EEEF



¥ [)
2025 F12H/ETA% TR rounore [1:] 0
Time = 8220 ) P S Tima = 12506
(a) HEHH35% (b) HEE#55%
Time = 15009 Prowsurs Selecied (Fa) Time = 258317 whlt!lg

i 108000
108000
104000
000
100000
L
1
%t

(c) BEF465%

0

(d) BEFI#85%

E12 FENIREENG
Fig. 12 The pressure fields during mold filling processes

Time = 8.220

Time = 15030

(c) BEMA65%

Time = 12506 Vieloxty Sesected (mn]
0x
oS
o
oos
L1

]
L=
(b) BEM#55%

Time = 25377 Velocty Selecied (M)
o
oS
ow
00s
oo

'
=21

(d) %E[H585%

E13 HEIRREER
Fig. 13 The velocity fields of mold filling processes

FWiROZE, REEAFE, AFERREAK,
FHBRBEEAREBNEZEE, BEFTEIEA
EE LEERE, E=REEEREHR

FEARIFRFANEENREE D B EERIE
RUNEISPR, FELAS%AT T R G PHIRIREEE
670~680 CZ/d). FHU65%HAT, MiRMEIRKIEE FiE
660 C, WiROIBRIEEN6E8S €, E=RBEEN
25 C . FEKTF5%EE=5EEMEEEARTF .

N ERNHEEMWERE, 2E7SHNEES
I,

5 A3S6HRSEEBHFEr-IRIE

KAUTEFTZAERHITEFRIE: WO
261, REENEEEL0%, [EIEE 376 Pals,
BEIBEN100 C, ®FRENT0 C. BLAEFT
SHERESHNHEHINMIRLT, ETeHRMIE, =RidE
HEEESBIIHB104.4, HB103.2F1HB104.9, 7
BE. RARENRERKREFTENEEENE, T8
WZERDRIE, HSi. MgHITIZEHERKEK.
®130.4 MPaf1.08 MPa7KEHHTZENNS, ERYE
%, INLERZEHANEIL6FTR.



» [
FOUNDRY I-'Z-':BE* Vol.74 No.12 2025

Time = 8.220 frew urtace detect concentraton Selected Time = 12.586 res wartace defect conceniraton Selecied
00 Ll
00 200
00 00
N ] o ]
[l ‘
L34 ot
(a) BEMHK35% (b) HEIE455%
Time = 15039 Trow sarface deloct concantiaton Selected Time = 25377 Aroe surtace detect concontraton Selacied.
" 00 400
300 300
200 200
100 W00
o o
oL b
et et
(c) BEMA65% (d) HE1%85%
El4 SHEDH
Fig. 14 The distribution of oxidized slag
Time = 10805 Termgeratre Selecied (deg L) Time = 15040 Tomperataw Seecied (degL )
. oz 1 oz
L 680
L 665
L) o5
t t
(2.} o
(a) BEHEH45% (b) BEM65%
Time = 20501 Torrgorshwe Sekecied (dogL | Tima = 26391 Temperature Sesected (deg L1
o2 . oz
L -
L L4
L2 L]
L] L]
et et
(c) BEMAT5% (d) HE1%85%

E15 RERHERISR

Fig. 15 The numerical simulation results of temperature fields

6 #hie

M EHNBRALIEE B REFISERHT T HE
TEZRERITMEFT 2 EERE, FIAFlow-3DEIE
BRI E DT FE SRR EEERIE, SHUTE
o

(1) EEFE=AREAN IR RD, ED
EZERESAEIA LB E R B E NH R [E40%A955

BEIZHEAHE.
(2) ZREUSHI DT ER0.1 m/sRIREZEZRE
ERENHIRAIE -

El16 SHHEFKIIEE
Fig. 16 Casting production verification diagram

(3) ENIBE 376 Pals, FREIFHAEER ERE



=
20254 EE12HB/ET4%E T2 Founory

71792 000 Pa, $HFRINIRRIEEZEIBAE0.1 m/sLA 9700 C, BEIBERNL0 C, MREBNEFTIZS
T, RELFFR, SNERER, E=REXERMNL #.

N= YN
/E& o

(5) BBAUTHNFBELIELENETZS
(4) FH&RIE 94 s, FHEIEERE 1 325 Pals, HEHATAE, FERINZFMRE. HEMD SR

FERSE)929 s, FTAURFIRE 376 Pals, iREIRE B ERaeENE SRR E.

SEH:

[1] =B, kEF, SRR, F EESENTEMRER U] =@AaS, 2021, 50 (3) : 97-101.

21 #EEA, S, ZFE, & HFEiaaeSFU-ENRRSTREER [J]. 155K, 2018, 39 (10) : 2273-2274.

[8] EEH. HSieaeEHBSUEHRESERER [J]. AINTIZ, 2016, 45 (1) : 254-255.

[4] BE KEHSAEEENIFHRELNRR D] IFMEEREBEaE, 2009, 29 (5) : 434-435.

[5] ZHANG D X, ZHANG Y B, YANG X F, et al. Quality management and control of low pressure cast aluminum alloy [J]. Materials
Science and Engineering, 2018, 301 (1) : 40-49.

[6] #&ER, BIE, BRF, £ REFSESSRRIMERIR T2/ D] FiHEeREe s, 2020, 40 (7) : 763-767.

[ =8, s, =, & EFAnyCastingfIFE RIS HE L ZMN [ FFEEREEESE, 2017, 37 (12) : 1316-1319.

[8] #KIRE, AR, BRL, % SoHEAEESMHINIEARNHARSARE [J]. 89011, 2020 (6) : 4-7.

[0 SR, EEF, W= BEaSHELZRITZER [Cl EXRMHESTINE. 2012 (5 22 /8 ) ERMHEFRICE, 2012

[10] XUTHE, REEAR, RO MEHENROBEMRIMAE ] $HHEREGRESE, 199 (4) : 39-43

[11] HEX. EFERREHBRGITE [J]. HiEHoR, 2008 (6) @ 752-753.

[12] E308. ZHES HIETZS M) dbR: T EaRyE, 2011,

[13] &7 EFHERIABIEE S SEEREHS T 295 [D]. 172 #HrKS, 2009.

Numerical Simulation Analysis and Process Design of Low Pressure
Casting of Pressure-Resistant Aluminum Alloy Sleeve

WU Ming-gi*, YANG Mu-yao?, YANG Jun®, WANG Xiao-yu®, Al Xiu-lan®

(1. China Rail Way Shanhaiguan Bridge Group, Qinhuangdao 066200, Heibei, China; 2. School of Materials Science and Engineering,
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Abstract:

The mold filling and solidification processes of A356 aluminum alloy sleeve castings of pressure vessels
by using of low pressure casting method had been analyzed by Flow-3D software, and the casting process
scheme was subsequently designed. Through optimizing the production process parameters such as pouring
temperature, mold temperature, pressure and so on, a optimized production process scheme was obtained
as follows: six ingates evenly distributed at the bottom of the flange; the chill thicknesses accounting for
40% of the casting wall thicknesses; a pressure rise rate of 376 Pa/s; a mold temperature of 100 °C ; and a
pouring temperature of 700 °C . The aluminum alloy sleeve castings produced exhabit good appearance. The
mechanical properties, chemical compositions of the separately cast test bars after heat treatment and the air
tightness of the sleeve castings are in line with the acceptance standard of aluminum alloy pressure vessel,
showing that the low pressure casting process is reasonable and reliable.

Key words:
pressure-resistant aluminum alloy sleeve; Flow-3D; low pressure casting; process design; production
verification

(%%, x| 4%, ldh@foundryworld.com )



