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Table 1 Factors and levels of orthogonal test

Factors
Levels
A, w(Zr)/% B, w(V)/% C, w(Cu)/%
1 0.13 0 5.0
2 0.20 0.25 4.5
3 0 0.13 5.5
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Fig. 1 Sketch of hot tearing rings test

1 —Samples; 2 —Chillers; 3 —Steel cores; 4 —Sprue
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Table 2 Result of orthogonal test

Experiment A Blank B C Width of hot

No. (Zr) (V) (Cu) tearing ring/ mm
15* 1 1 1 1 22.5
12* 1 2 2 2 18.8
10* 1 3 3 3 20.0
18" 2 1 2 3 25.0
17* 2 2 3 1 22.5
14* 2 3 1 2 23.8
16" 3 1 3 2 17.5
13* 3 2 1 3 21.3
11* 3 3 2 1 20.0

Average: 21.3
Ky 613 650 67.5 65.0
Ky 713 62.5 63.8 60.0
Ky 588 63.8 60.0 66.3
[Kyl 204 21.7 22.5 21.7
[Ky1 23.8 20.8 21.3 20.0
[Ky] 19.6 21.3 20.0 22.1

R; 12.5 2.5 7.5 6.3
Influencing 1 4 2 3
order
Optimization A3 B3 c2

K j= Sum of results of level i in column j;
[Kijl= Kj/s, s is number of level i in column j;

Rj= max;{K;}- min;{K ;)
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Fig. 2 Typical microstructure of HA alloy
3~ 5P AW O I SEM 15 3l i R

Fig. 4 SEM micrographs of hot fracture

surface of sample 16"
(a) —Morphology of hot fractured surface;
(b) —Zoom out of morphology

SO BT AR X e 2 20 BT A 147 3RA%( 0. 2% Zr
0% V-4. 5% Cu) Fl 18" iR ¥£ (0. 2% Zr-0. 25% V-
5.5% Cu) AR W DA 2 T Zr, & EBN
0.5% Zidy, XU RS Ze FAET WSt . Zr 714E
TIREABKTE BRI A, SRS — B EE, B
LK 3(a), (b) FE 5(a), (b) . % 3 T LA

i Mz ARSI TR . WK 3 WLLE H, B

e f; ‘*’- . o Zr SMEEHA 0, Mg, Fe, K FUR, L Zr 5
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Fig. 3 SEM micrographs of hot fractured £ 16" WA 0% Z1-0. 13% V-4. 5% Cu) 1) FZ W1 H
surface of sample 14* V3% g e AR & S R ST TTE = v i o R N
e Vi 75 18" WA R RS TV, H AR T 0. 1% .

(b) —Zoom out of morphology PRI A7 B A A, AEARSBE ST I B o Ve L, V2
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5 18# WHHIWKTH SEM A
Fig. 5 SEM micrographs of hot fractured

surface of sample 18
(a) —Morphology of hot fractured surface;

(b) —Zoom out of morphology

F3 147 SRR AR T IR S B B ) BT 45 (% )
Table 3 Typical EDS results on hot tearing
surface of sample 14" (%)

Position (0} Cu Mg Al Zr

Point 14-1 30. 57 2:.51 2. 11 61.20 0.42
Point 14-2 32.52 4.12 1. 85 55.43 0.62

Surface scan(14% ) _
(90 Hm x 70 bm) 3.68 5.70 2.18 85.90

Position Si K Mn Fe
Point 14-1 0.11 0.54 0.53 2.00
Point 14-2 0.17 0.46 1. 08 3.70

Surface scan( 14" )

(90 Bm x 70 Bm) - - 1.13 1.40

RATAET RN, AR Az AL sk . W O B3
P 4. 3 4 51 H o) i 7R 0 5 24 4% 1 [ O BR TE B

X PIREIG A ITA R, WK 4 WL H, REUET K
AT EHE Fe, Mg, 0, Ca (A I .
F4 16" WA HGIRW O ¥ SR RE RS HT 45 (%)
Table 4 Typical EDS results on hot tearing
surface of sample 16" (%)

Position 0 Cu Mg Al S

Point A 41.23  0.44  5.59 51.72 0.34
Point B 40.80 0.55 3.76 43.00 0.17
Point € 25.66 5.43  6.65 52.63 1.33
Point D 34.18 1275  2.62  40.16 2.12

Surface scan

(170 Um x 140 Im) 9..35 6.60 2.04  79.48 0.14

Position Ca Ti Mn Fe
Point A 0. 69 — - -
Point B 0.51 — 0.69 10. 52
Point C - 8.30 = -
Point D 0.72 - = 3.45

Surface scan

(170 Um x 140 lim) - 8 70 L7
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Effects of alloying elements on hot tearing trends of Al Cu alloy

LI Yuanmryuan, GUO Guo-wen, ZHANG Werwen, LUO Zong-qiang
( Department of Mechatronic Engineering, South China University of Technology,
Guangzhou 510640, P.R. China)

[ Abstract] In order to search a high strength, high toughness alloy with low hot tearing trend, effects of alloying elements copper,

zirconium and vanadium on hot tearing trends of AFCu alloy were studied. Results show that vanadium can reduce the hot tearing

trend evidently; zirconium increases hot tearing trend slightly in low content and strongly in high content; copper increases hot tearing

trend with a medium degree in the range of 4. 5% ~ 5. 5% . Different effects of zirconium on hot tearing trends lie on that vanadium

locates in the inner of crystal cell but part of zirconium locates on the interface of the crystal cell.

[Key words] hot tearing; AFCu alloy; zirconium; vanadium
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