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To meet the increasing demand for lightweight and high-strength automotive
components, this study developed aluminum knuckles by counter pressure casting
(CPC) process. Thermodynamic analysis was conducted on A356 Al alloy with

Mg added (0.25-0.45 wt.%), to evaluate equilibrium phases and solidification

Received 30  September 2025
Revised 28  October 2025
Accepted 30  October 2025
Keywords:

Counter pressure casting (CPC)
Automotive knuckle

A356 aluminum alloy
Thermodynamic simulation
Internal gas quantity

Mechanical properties

behavior. The optimal Mg composition range was identified as 0.3-0.4 wt.%; this
balanced strength enhancement through Mg,Si precipitation, while minimizing
intermetallic compound formation. Casting simulations using AnyCasting
software were performed to design and optimize the CPC mold, focusing on
minimizing shrinkage defects through cooling channel configuration. CPC
prototypes were fabricated under controlled process conditions, and analyzed via
X-ray computed tomography, gas fusion extraction, microstructure observation,
and mechanical testing. CPC was proven to enable laminar filling, uniform

solidification, and reduced internal gas entrapment. The knuckle specimens
exhibited superior mechanical properties with the highest tensile strength and
elongation after T6 heat treatment, particularly at 0.35 wt.% Mg.
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Fig. 1 Casting design and cooling channel configuration of
CPC mold for case 1 and case 2
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Fig. 2 Schematic illustration of counter pressure casting equipment
with furnace, chamber, mold, hydraulic unit and cooling
channels

Table 1 Experimental casting parameters
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Fig. 3 (a) Locations of specimen extraction from the cast and
(b) geometry of tensile test specimens
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A356 phase diagram (0 ~ 1.0 wt.%Mg)
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Fig. 4 Calculated phase diagram of A356 alloy with varying
Mg additions (0~1.0 wt.%)

[ Solidification curve |

of solid phases

2 ™ B ‘ T\
E 102 N \‘ oA 102 \‘ 102 \‘ ‘ 102 | “
< AljfeSi,
3 _ =
: 102 1SV ‘ | 10 SN 10° t‘ 10 \‘
540 560 580 600 620 640 540 560 580 600 620 640 540 560 580 600 620 640 540 560 580 600 620 640
Temperature [°C] Temperature ['C] Temperature ['C] Temperature ['C]
l Al-75i-0.3Mg-0.2Fe-0.2Cu-0.1Mn-0.1Zn H AL75i0.35Mg-0.2Fe-0.2Cu-0.1Mn-0.12n AI-75i-0.4Mg-0.2Fe-0.2Cu-0.1Mn-0.1Zn H AI-75i-0.45Mg-0.2F-0.2Cu-0.1Mn-0.12n l
(a) (b) (c) (d)
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Fig. 6 Simulation results of case 1: (a) filling and (b) solidification
sequence with time
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Fig. 7 Simulation results of case 2: (a) filling and (b) solidification
sequence with time
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Fig. 8 Design and external view of the CPC knuckle mold: (a)
upper mold and (b) lower mold

<Section C>

<Section C>

<Section A>

T

<Section A> <Section B>

(b) X-ray section planes & X-ray images

Fig. 9 (a) External views of CPC-fabricated knuckle and (b)
X-ray section planes with corresponding X-ray images
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(a) 030wt% Mg (b) 035wt% Mg (©) 04wt% Mg (d) 045 wt% Mg
Fig. 10 Optical microstructures of CPC-fabricated knuckle specimens

with different Mg additions : (a) 0.30 wt.%, (b) 0.35 wt.%
and (c¢) 0.40 wt.% and (d) 0.45 wt.%

Table 2 Measured gas content of CPC knuckle specimens with
different Mg additions (unit: cc/AlL100 g)

Mg addition 0.3wt.% | 0.35wt.% | 0.4wt% | 0.45wt.%
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Fig. 11 Mechanical properties of CPC-fabricated knuckle specimens
with different Mg additions in as-cast and heat-treated

conditions
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