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Fig. 1 3D model of subframe
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Fig. 2 Wall thickness analysis
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BEHXBREHFSEIZRE, REFHSTE

AISi7TMg0.3%7 %}, HITIRENRMDIN EN1706, HAL
FRH L,

EBIERES .« Mo tEsf . WaE I/ NFOIRE2mm) /NG9
&L AISITMQO3& & ZR S
Table 1 Chemical composition of AISi7Mg0.3 alloy W /%
Si Fe Cu Mn Mg Zn Ti A=l (CHRAS) Al
6.5~7.5 <0.19 <0.05 <0.10 0.25~0.45 <0.07 <0.25 <0.03 A
1.3 f4aE 1.4 BHiSER

NRFEEREMEEESNRENMALZS
R, MR ERR S, TEREREHE. Tel
RIPRE T ERFRIAIERE =280 MPa. EREE
=220 MPa. HIKE=7%, HMEEERSTERUM
PrimfE, MEREXTEL 2N,

ZrrmBERERAERNTEY, SNESFE
RO, WEBHR; BEREEIEXR, AHRA, WET
RINEBIBHNEREN B, TiELMINFERE,

EGERTRIE, RIEARR .

*2 sREEMREXTLE
Table 2 Comparison of properties of aluminum alloy
it Ji BrhisREE/MPa et i3 2 IMPa i %/%
[EFr GB/T1173 ZL101A 221 - 3
2£F5 ASTMB108 A356 262 179 5
AR DIN EN 1706 AISi7Mg0.3 290 210 4
CEiR N - 280 220 7

(a) iRk

(b) BRFE/RER

E3 EETERENREE
Fig. 3 Structure diagram of suspension mounting point
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Ed4 EREOREE
Fig. 4 Structure diagram of lug

2 FrmEEHECAE(REDR

BRIERFEZERNDETHERETRIEZREF
B R, REERENSENE. CAEDTKEMESRE
Bir: mEEK: SLATRNESEW=405K,
BRAMNI<150 MPa ; BE&EK: F—MES>110
Hz, #8135 \IMEZE>500 Hz, BAMZE>20 Hz, 293
ZIRCAEDHT, BE. BEHEXRBUERIERIBEE
K, PFERUNESHR. ISFHRAAIRE T
CAELHT, BFLRMEIRHEIIXTFI0RR; 1R
AR AN 3189/ F150 MPa; —BNMER9121.4 Hz, J\
ME59546.6 Hz, B/ MEZE23.6 Hz, HEIRITHE
FREK,

3 REHEIZRIT
31 HEmRIt

RIEFEHERS R, RINZEHRIMNEN S
EWMEGFR . XS ETRAT ETFHEG: —
LE, KENE, KEPERBL, MTHS; 35—
HHE, ESEEMRERTIRS, ETHME.

3.2 RERFRITRML

Zina 2RIERETHTRAREEE, EAE
INRERE, TEEETM ELERESERNRE,
FERESEFR, YthEhh, RREMND,
BErhROSIRBEBINFIHEL , FHESHHEREE .
RIBHEHEN . SSMELERNRERREE,
ERERIRINE, IEMEFECHENFELZ
FUTEHYNEEERRINETE. —RYTHEE
HEHERENETLUBEZEA (1) iTE:

= (1)

L CHIREE, s; HABHSE, cm; VA
RENEANERBEALFRE, cm/s; I55EV=

(3~42) Ib, bIHEHRIEEER, b=0.4cm.
BIIXTR . B BE. RE. RS ERE
T8, URESEIUDITXIHIE T 2T,

3.3 HETZEMPEDR
REIEZRRETSMRE, ERREFIREEAN
RE, A2RREEAONETEN, EREEH—
SIFIRIRAIER, RERGUETAR.
SRBERNEERTZESY, WHEET 2T
BRIMPEDT, RERKRBENT20 C, BETNEE
79380 C, WEHFRIEE. REERE. B#EIRF. =
SENFHTEUDTT, RIULRUMELER: 7S
RE, HFHREXAFTEIEE 637 C, DETRIEL
613 C, XPLEBRESRIFIIFTERESN; FETET
MIEA0.5 misiEf, FRELRELRTFAR, RREg R
BT T INFEE, RERIMZEE, FIET 55
MRERE;, =REHERSHXEEFSEE DR,
IBINHFSEIRTRRR, FItRERF S RASITMT.

3.4 ikl

FRIZEZRE—xAERN, BREERET2 €, &
BHiRE385 €, HMETIMXREXIGNE, WEBE
BERHEFRXIFASTMELSS 2hnEERk, JEXREK
IRASTMEL55 4RIREEK . EZIMTUXGILEANHITIR
15, Eh3/6Ep AR BZERNIRMK, WEL0, XXE
ERARE10%, LhrdsidiZhttBEEERS, &
AT EE, O EENAE; EBRER, il
LEAbIKS, FERKSIFEERTE, REEEEERIE,
ZLZMTXGENHITIRG, 3I6EBBEREIATRE, X
KERERENA0%, EEFORHER, BRREERE
FENERADRB/NE—EMR, BRIy
mia@, BSEREERS, WUEEOAREEK,
EENED LA E RIRSEE SIS EBE, &
F g ENI AR A B AT HIBRY .
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Load Case 21A-21B 5 4% Load Case 22A-22B #5338 Load Case 23A-23B 3 A8 Lond Case 24A-24B 3748
400, 866 (105 %3) 660, 693 (105 520) 555, 904 (105 715) 672,976 (10552¢)

Load Case 25A-25B #5448 Load Case 26A-26B 4 & Load Case 27A-27TB #5248 Load Case 28A-28R i 5 4 &%
418,793 (10% =) 534, 564 (10% 72¢) 401, 790 (105-#1) 402,583 (10527}

(a) Al

s
e S0
AT EED

Load Case 5 H7134. 4MPa Load Case 6 E 77111, 0MPa Load Case 7 7145, 9Pa Load Case 8 E7761. 4MPa

(b) BRIz

P

b St vomnae s s
TR = ety

ZHrHA 266. 8Hz WA 365, THe

sl - Ly — Sty

AR#A 391.5Hz B 415, 1Hz LB A 443 1Hz AR 546. 6Hz

(c) BRI
E5 CAEDHTER
Fig. 5 CAE analysis results
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Fig. 6 Parting line
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Fig. 7 Gating system

EE Time: 7.80679(sec) Filling: 100.00(%) Solidification: 0.00(%
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T2 HAF73E, KITT R NEEESD
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BB, nJLABMBREGEIAttAl .
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(d) =EN

E8 SR
Fig. 8 Simulated results
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B9 HBEXIGE I E10 GRPAARAL
Fig. 9 X-ray inspection area of the casting Fig. 10 Defective part

(Sl ) (¥ ) (i ) (HBU5)

(a) FEEL W H TR EEE (b) Jrge2 BB R Abghgre i

E11 P miEai
Fig. 11 Structure optimization of the product

(a) ZEHF (b) HHA

El12 ZEMMESER
Fig. 12 Results after structure optimization

tEaeIe RN ) , HWEPVINERE— 600 IR TTHIR, F3  HUHAREHZEEINE
HERHNTA05 R A, 4R TR S Table 3 Measured mechanical properties of the castings
1. AEEDSTRREHINIE . BIEDST R RIETIIG RS HORRE/MPa EIREREE/MPa IS K /%
PR R (F0RE)  HEMmEA3 Hz, K 51 319 249 9.0
REER (ZR) MEPHT. BERIEEERTRE 52 306 232 85
IEESERIEL, AEfITENERRBEREITER 53 314 237 10.0
DHEFRITE, BEMEGAEI X RIS e, ot 5-4 314 240 12,5
FRETRNE . NIE R Z BB R IES . 55 307 231 105

5-6 309 230 8.5
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Table 4 Test items and bolt tightening torque
R A FR Rt ezt 5 RSN PR ()
NS225878-201" PSR R T7 250+/-40 (424F) N/A
NS225878-202°~203" )
. A JEEDS AL miJE 1A 100+/-15 (1244 ) N/A
B NS225878-204"~206
Jo R TR B P " i
NS225878-207"~222 HTEDSZE4E m I 05 i 100+/-15 (1244 ) N/A
NS225878-223"~224" o
PSR ST (AP Thdk ) 250+/-40 (42} ) N/A

NS225878-225°~228"

4.2 BERRSEERDT

AR mi A TR R ERIEES, NdlaER
EL, BIEDSTEMEDINNGE, HP104F5RE407
RURGEBIINEEEERE B ALXIEFTFR; 6

HHERE (40~60) BRZBRHEENEERELTES
B ALK TR, o~ maZeitil BRESmE1L3
Fi~o

F5 MARETREER
Table 5 Conditions and results of bench endurance test

FE i ARl RO G RS
NSoosaTagyt  EXTET, SAYEZ2504°, FYZFENR, SXVEE042°, L BT RS AR RIS
FAEIRIE<S BT RN T ]2 Fy=+4.017 KN/F,,=+21 kN ‘
R wiE e ¥ N EEd

TEZXT-Hh, S5XYHS-78.0°, 7EYZF-iT, SXYIHH-89.9°,

FARFIR22<5°, #RIT AN 16 s Frin=—2.537 KN/F 0, =+4.009 kN

EZXFRT, SXYIRS97.5°, 7EYZF-id, SXYiR$90.1°, ffi
JEIRFE<E, AT MINAR T[] s Fpyy=—5.510 KN/F',,=+6.665 kN

NS225878-202"~206"

NS225878-207%~222"

TEXYVEH R, S5ZXTH5256.2° , ffER2E<5, Hfr A mak )y 6
). WigkZm: -5.18 kN (#AJr -2l ) , Fu=-2.537 KN/

NS225878-223*~228"
F0=+4.009 kKN

16 MR AR ALAL TR0

GREWIE S ZNEEE S

(a) WNFaOERAH~mFRER

E13 FRilRERES
Fig. 13 Status of the product after test

4.3 AHRERSH
FEEHEANFGEIREFUERD . NFEMN
B BEELURXCELEHTHE, KFERD . DFEMN
BER B = BN RS, BEE. XXEE
RIINER,; HIRNFFRIFHEEBEHE LT
OEHFFREEOEEURERAEGRA, Jiest
IR DEEF, SR, 207", 208", 219 RIEH

I EBERESERAT RS, SEBELES
RAOBE—H, S8, QU8 EREFOEEAIR
ERALBECEEES mm, TJREREENESEEN, NERE
AIE14P 7~ . CAEIBIC TR INRESTEDH A
WTHIE, BWER/INES S =405 REDAEE;
LY ERLENE—SRFHTRE, BRESE—
HER/INEFED =608, ERF/NESED =408
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Fig. 14 Internal structure and section view of the crack
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E15 FramiEaiii
Fig. 15 Structure optimization of the product

6 WIFER
Table 6 Verification results

PIES BT YN s fﬁ/;?;ﬁﬁ VP BARmgr JErEeE ot AR A

st i 554 140.4 il G B BIAUIFH TEH

TrgE1: % 58.1 136.3 “H% & B 36.8ITHIFH AAHk
FFE2: WAL ik 56.5 122.5 il G G 05T AR
%3 WIMELE RAMEEE Sk 224.9 84.9 i B Bk B0HVCRITR A%
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Analysis of Casting Process and Structural Optimization of Aluminum
Alloy Subframe

MA Xiao-jun, ZOU Shu-yun, LIU Hai-bin, LIU Hao-jie, YANG Man
(Hubei Hangte Equipment Manufacturing Co., Ltd., Jingmen 448000, Hubei, China)

Abstract:

Taking into account the difficulties of large volume and uneven wall thickness in the subframe product of
AlSi7Mg0.3 aluminum alloy, as well as the local hot spot leading to insufficient shrinkage, a reasonable
design of wall thickness and shrinkage channels was carried out for this type of structure. The simulation
analysis of casting process simulation, X-ray inspection, mechanical property analysis and physical bench
test performance comparison were further verified through experiments. The verification results showed that
the local special wall thickness and structural optimization could improve the product strength and meet the
durability test requirements of the bench; the rational setting of shrinkage channels, combined with the water
cooling process of the casting process, could achieve sequential solidification and effectively reduce shrinkage
porosity defects to improve product quality.

Key words:
lightweight; aluminum alloy; low-pressure casting; numerical simulation; structural optimization
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