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Residual wall thickness and its distribution optimization in water-assisted injection-molded square pipe fittings
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Abstract : To improve the quality consistency of short-fiber-reinforced polymer hollow parts in water-assisted injection
molding(WAIM), the effects of melt temperature, mold temperature , water-injection pressure, water-injection temperature, and water-
injection delay time on the residual wall thickness (RWT) and its distribution uniformity of square pipe fittings were investigated.
The study was conducted based on Moldex3D software platform, using an L (4°) orthogonal array to design experiments. The range
analysis method was employed to quantify the influence of each processing parameter, and the coefficient of variation (CV) of RWT
was introduced as a normalized evaluation index for distribution uniformity. The results indicate that water-injection pressure is the
dominant factor affecting RWT and its distribution uniformity. The maximum range of RWT caused by water-injection pressure
reaches 4.97 mm, and the range of CV value is 23.2%, both significantly higher than those of other processing parameters. When
water-injection pressure increases from 4 MPa to 10 MPa, the overall residual wall thickness (ORWT) decreases from 6.3 mm to 3.1
mm, with a reduction of nearly 51%. Melt temperature and mold temperature have secondary effects by regulating melt viscosity,
while the influences of water-injection temperature and water-injection delay time are relatively weak. To minimize ORWT, the
optimal combination of processing conditions is that melt temperature is 270 °C, mold temperature is 70 °C, water-injection pressure
is 10 MPa, water-injection temperature is 40 °C, and water-injection delay time is 3 s. For maximizing the distribution uniformity of

RWT, the optimal processing conditions are that melt temperature is 210 °C, mold temperature is 60 °C, water-injection pressure is 8
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MPa, water-injection temperature is 50 °C, and water-injection delay time is 1 s. The results reveal the regulation mechanism of

processing parameters on RWT and provide a theoretical basis for the processing optimization of short-fiber-reinforced polymer

parts molded via WAIM.

Keywords : water-assisted injection molding ; square pipe fittings ; residual wall thickness ; distribution uniformity ; coefti-

cient of variation
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Tab.2 Results of L (4°) orthogonal experiments

T/ T,/ T/ T,/

No. A4/°C B/°C o D/°C  Els ! 2 3 4
MPa mm mm mm mm
1 1 1 1 1 1 391 6.89 8.00 8.00
2 1 2 2 2 2 3.61 372 390 5.60
3 1 3 3 3 3 346 3.57 343 3.80
4 1 4 4 4 4 3.16 3.08 3.08 3.47
5 3 4 2 1 3 371 3.73 3.60 6.06
6 3 3 1 2 4 3.87 5.65 8.00 8.00
7 3 2 4 3 1 299 271 287 325
8 3 1 3 4 2 3.02 290 296 3.25
9 4 2 3 1 4 3.19 321 339 3.76
10 4 1 4 2 3 2.81 239 280 3.15
11 4 4 1 3 2 379 535 8.00 8.00
12 4 3 2 4 1 343 3.60 3.56 3.79
13 2 3 4 1 2 342 325 334 378
14 2 4 3 2 1 342 359 346 3.80
15 2 1 2 3 4 331 3.60 3.58 6.77
16 2 2 1 4 3 3.84 421 8.00 8.00
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A 0.21 0.66 0.24 0.89 0.41
B 0.22 0.82 0.19 0.84 0.52
C 0.77 2.69 4.97 4.58 3.25
D 0.09 0.70 0.10 0.81 0.17
E 0.29 0.56 0.23 0.46 0.19
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