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Article history: This study investigates the effects of distinct physical properties of amorphous
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Accepted 25  January 2026 dimensional reliability of housing dry-fan components via CAE analysis and

experimental verification. Simulation results indicate that whereas PC requires a
high injection pressure of approximately 180 MPa, it exhibits stable dimensional

Ke_yW?r ds: ) behavior with a low volumetric shrinkage of 2.55%. Conversely, although PP
Injection molding allows for low-pressure molding at 30 MPa, it may be severely deformed owing
Process capability index to its high shrinkage rate of 5.23% and significant anisotropy. In actual CTQ
Polycarbonate measurements, PC demonstrates superior process capability with a Cy of 14.02,
Polypropylene whereas PP fails to satisfy specifications, with a Cy; of -2.20. These findings
Dimensional reliability suggest that for precision-component design, mold-design compensation and

process optimization considering resin crystallization characteristics should be
considered instead of relying solely on material substitution for cost reduction.
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Fig. 1 3D modeling of Housing Dry Fan parts and definition
of critical to quality specifications: (a) UP part, (b)
LOW part, and (¢) KNOB part
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Table 1 Material properties and processing conditions of PC
and PP resins

Table 2 CAE simulation conditions and parameters

PC

PP
PC PP Category Parameter (TRIREX
P 1750
roperty (TRIREX 3022L1-12) (BI750) 3022L1-12) (BI750)
Microstructure Amorphous Semi-Crystalline Melt temp. (°C) 300 230
Melt flow rate 22 30 Mold temp. (°C) 90 50
(¢/10 min) (at 300°C, 1.2kg) |(at 230°C, 2.16 kg) Ram Speed
- Filli trol |Ra fil
Elastic modulus (MPa) 2324 1340 > illing control | Ram speed profilel ., o)
rocess
Melt density (g/cm?) 1.034 0.768 V/P switchover 98% filled 98% Filled
Rec. melt temp.(°C) 300 230 . 80% of injection |80% of Injection
Packing pressure
Rec. mold temp.(°C) 90 50 pressure Pressure
Cooling time (s) 20 20
Type 3D tetrahedral 3D tetrahedral
(a) Mesh
Elements count 1783080 1783080

HOT Runner 2

-
s
9ok
I:’
©

Fig. 2 Finite element mesh model and runner system configuration
for CAE analysis: (a) 3D tetrahedral mesh model, (b) hot
runner system design and injection location
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Table 3 Specification of injection mold design

Item Specification Note
Mold size 300 x 350 x 525 mm 2-plate type
. P20
Mold base material (Pre-hardened steel) HRC 28~32
Sprue 315
R t Hot 1
unner system ot runner system Runner G315

Pin-point gate

Gate type (©4.0 mm) Direct to cavity
Cooling channel Opt1rmz-ed c ooling ?8.0 mm water line
circuit
Cavity 1 cavity -

?15.0mm, 1* Runner @15.0 mm, 2*} Runner 2|73 ©15.0
mm / Wg 060 mm2 A= AC|lEE JIE o 4
< 285to] 217 4.0 mm2| Pin-point Gate *A]1S &5t 0
o, £A7F HHE] AR FLsHA ik 4 =S AFe] A%
A7t 7V FAE FA4 B0l sixstATte. W7k Ad2 Al
Y 229 HAE Fastey] ol AlE e wet F4t d
Zho] o|2oiR| =2 HAstd ¥ slzg pAstATH’. AAe
a8 AA ArgE Table 37+ Zth. Fig. 32 AAE 539 3D

B A4S BojEth ()t AZY JUS P A4S
(cavity) FB| HAZ Wehlz, ()= U B4 A Al2g

o] WiXE 8t (core) FTY AMAE vhEhdict

2.3 3N oI 4
A AL 1508F AEA] AFEAH7]E o] &3to] £3EQ
o, 3% 71L& CAE 34 27)(Table 2)3} Y5t Ad7sto]

A 5 S Ylot A4

oMEIE Yol LA 271(23+£2°C, 50+5% RH)OIA 24417t
St ollolF(aging) A& ZAF AHE A4 EAZ flof 32+
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Fig. 3 3D design modeling of the injection mold: (a) cavity plate
design and (b) core plate design with runner system
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Fig. 4 CAE simulation results: (a) average volumetric shrinkage
of PC, (b) average volumetric shrinkage of PP, (c) total
deflection of PC, and (d) total deflection of PP
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Table 4 Comparison of CAE predictions and actual process

capability
Item PC PP
Dimension A B A B
Spec.(mm) 74.37+0.5 | 23.62+0.2 | 74.37+0.5 | 23.62+0.2
CAE
4.24 23. 4, 23.
(predicted) 7 3.65 74.78 3.75
Actual 7422 2367 75.01 23.79
(mean)
Error(%) 0.027 0.084 0.306 0.168
Std. dev 0.01 0.01 0.02 0.01
G 16.67 6.67 8.33 6.67
Cor 14.02 4.92 -2.20 1.02
Result Pass Pass Fail Fail
Oz Ul S UAEES BT} o= PCY S 52 A%
o] AlEHo]d HEloA HEsHA RAEIUSS 2ulgtct. ¥,
A7 $2% PPE 24H80] 0.306% 4% 2F PCELE At
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