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Abstract

This paper presents a numerical analysis of the microstructural characteristics of the interface in a
bimetallic aluminum with a regular 3D lattice copper preform produced by squeeze casting. The
effects of three variables—the wall thickness of the lattice copper preform, the pouring temperature
of the aluminum melt, and the squeeze pressure—on the interface thickness, eutectic cell thickness,
and 0-phase thickness were investigated. An L5 orthogonal array was employed for the experimental
design, with all three independent variables set at three equally spaced levels. Numerical regression
analysis, analysis of variance (ANOVA), and main and interaction effect functions using surface plots
were utilized to demonstrate the effects of the variables. The interfacial microstructure was examined
using optical and electron microscopes equipped with image analysis and EDS. The results indicate
that the interfacial microstructure of the composite consists of four distinct layers: pure copper, the 0
phase, the a+0 eutectic, and the aluminum o phase. The preform thickness was identified as the most
influential factor affecting the thickness and morphology of the intermetallic compounds at the
interface, followed by pouring temperature and squeeze pressure. For the preform thickness
parameter, the highest and lowest values for both the eutectic cell thickness and 6-phase thickness
responses were observed at the 0.75 mm and 1.25 mm levels, respectively. Increasing the preform
thickness from 0.75 mm to 1.25 mm resulted in a 45.2% decrease in the average eutectic cell thickness
and a 58.3% decrease in the 6-phase thickness. For the pouring temperature parameter, increasing the
temperature from 720°C to 760°C led to a 20.6% increase in the average eutectic cell thickness and a
50.4% increase in the 0-phase thickness. For the squeeze pressure parameter, increasing the pressure
from 50 MPa to 100 MPa resulted in a 25.7% decrease in the eutectic cell thickness and a 4.3%
decrease in the 8-phase thickness. The morphology of the 6-phase in the preform with a thickness of
0.75 mm was columnar; at 1 mm thickness, it exhibited a mixed columnar and equiaxed structure; and
at 1.25 mm thickness, it became fully equiaxed.

Keywords: Aluminum/Copper Bimetall, Squeeze Casting, Preform Thickness, Numerical Analysis,
Interfacial Microstructure.
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Pouring Squeeze Preform Thickness THK THK IMC
Row Temperature (°C Pressure (MPa mm Alpha+6 (um THK O (um) m
1 720 50 0.75 187 29 216
2 720 50 1.25 99 9 108
3 720 100 0.75 150 27 177
4 720 100 1.25 50 9 59
5 760 50 0.75 204 37 241
6 760 50 1.25 127 16 143
7 760 100 0.75 177 38 215
8 760 100 1.25 89 18 107
9 740 75 1 143 21 164
10 720 75 1 130 17 147
11 760 75 1 146 28 174
12 740 50 1 135 25 160
13 740 100 1 132 19 151
14 740 75 0.75 160 30 190
15 740 75 1.25 116 15 131
WSS g3, Jww ol LSl 33y 2o s ANOVA 506T-Y Jgu
Source SS df MS F P % Contrib

A-Pouring Temperature (0C) 4855.6 2 | 24278 98.410 | 0.000 7.55%

B-Squeeze Preassure (MPa) 7235.9 2 | 3618.0 | 146.652 | 0.000 11.26%

C-Preform Thickness (mm) 47286.4 2 | 23643.2 | 958.367 | 0.000 73.57%

AB 1796.3 4 449.1 18.203 | 0.000 2.79%

AC 2567.6 4 641.9 26.019 | 0.000 3.99%

BC 231.4 4 57.9 2.345 0.094 0.36%

Error 444.066 18 | 24.670 0.49%

Total 64275.500 | 44
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Source SS df MS F P % Contrib

Pouring Temperature (0C) 641.2 2 | 320.6 | 118.844 | 0.000 18.59%
Squeeze Preassure (MPa) 7.8240 2 | 3.9120 1.450 0.261 0.23%
Preform Thickness (mm) 2652.5 2 | 1326.2 | 491.625 | 0.000 76.90%
AB 62.6 4 15.7 5.803 | 0.004 1.82%
AC 32.2 4 8.1 2.988 | 0.047 0.93%
BC 4.7492 4 | 1.1873 0.440 | 0.778 0.14%
Error 48.558 18 | 2.698 1.40%

Total 3449.240 | 44

S e Juad a9y ceolid jLS L iy s ANOVA JIGT-0 Jgus

Source SS df MS F P % .
Contrib

Pouring Temperature (0C) 8981.2 2 | 4490.6 176.059 | 0.000 9.57%
Squeeze Preassure (MPa) 7693.2 2 | 3846.6 150.810 | 0.000 8.20%
Preform Thickness (mm) 72334.7 2 | 36167.4 | 1417.978 | 0.000 77.06%
AB 1349.1 4 337.3 13.223 | 0.000 1.44%

AC 3040.9 4 760.2 29.805 | 0.000 3.24%

BC 171.1 4 42.8 1.677 0.199 0.18%

Error 459.113 18 | 25.506 0.32%

Total 93873.140 | 44
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