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Development of a cavity pressure measuring device and estimation of
viscosity functions of various polymer composites
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Abstract We have proposed a new method for estimating the viscosity of the composite. In this paper, we have
developed a device for measuring the injection mold cavity pressure. This makes it possible to verify the accuracy
of the viscosity in CAE D/B in real time by measuring the melt pressure in the mold, and comparing this with the
simulated pressure from the CAE analysis. Materials used in this study is a PP(Polypropylene),
PP/LGF30%(Polypropylene/long glass fiber 50% composite) and PA66/LGF50%(Polyamide 6,6/ long glass fiber 50%
composite) . The viscosity data for PP and PP long fiber composite have already been built, but the one for PA66
long-fiber composite does not exist because it is a newly developed material. Thus we obtained the viscosity curve
of PA66/LGF50% by this system. Then, the viscosity curves from conventional viscometer were also compared with
the viscosity obtained by the our method. And, we proved the accuracy of the CAE data of PP. In case of
PP/LGF50% which is highly viscous and complex material, we improved the existing CAE data.because there was
a difference between the measuring data and the CAE data.
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[Fig. 1] Pressure sensor locations(P1 and P2)
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[Table 1] Injection molding and CAE analysis
conditions for PP

Injection molding and CAE analysis conditions

Resin HJ700(RJ700)/Samsung Total
Mold Temp. 40 C
Melt Temp. 180 C
Casel Case2 Case3
Injetion speed
15% 25% 35%
Injetion pressure 60bar
V/P switch-over By volume filled 95%
Cooling time 35 sec
CAEzZ =9 D/Boll 5% PP9 Cross-WLF %=
weo] wiAAS= [Table 2]7 20w o) w2 HE=

gz [Fig. 613 2tk

[Table 2] Cross-WLF Viscosity model parameter by PP

Cros-WLF viscosity model

n 02736
Taux(Pa) 23864.1
D1(Pa xs) 208111 x 1011
D2A(K) %315
D3(K/Pa) 0
Al 23678
A2(K) 516
— JR—
- T=180[C)

® T=190]C]
1000.0

1n0.o

S

Viscosily [Pa-g]

10.00

1.000

1.000 100.0 1000.0 10000, 1.000E+05

Shear Rate [1fs]

1000

[Fig. 6] PP viscosity curve in CAE D/B
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[Fig. 71 Comparison of Cavity Pressure with the
simulated results from CAE during entire
process with PP
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[Table 31 Injection molding and CAE analysis
conditions for PP/LGF30%

Injection molding and CAE analysis conditions

Resin Supuran E1330/Sambark LFT
Mold Temp. 40 T
Melt Temp. 180 C
Injetion spoed Casel Case2 Case3
15% 25% 3%
Injetion pressure 60bar
V/P switch-over By volume filled 9%5%
Cooling time 45 sec

[Table 4] Cross-WLF Viscosity model parameter of

PP/LGF30%

Cross-WLF viscosity model

n 04046
Taux(Pa) 81795
DI(Paxs) 531581 x 1014

D2(K) 263.15
D3(K/Pa) 0
Al 33692
A2K) 516
10000. A T=170]C]
m T=180]C]
- T=190[¢]

7 10000333,

: B,

& 1000 hl:.

g T,

1000 .‘hh'k
1000 +
1.000 10,00 100.0 1000.0 10000 1.000E+05
Shear Rate [1fs]

[Fig. 9] PP/LGF30% viscosity curve in CAE D/B
Injection speed 15% - P1 Injection speed 15% - P2
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(c) Pressure profiles at P1, P2 for Case 3

[Fig. 10] Comparison of Cavity Pressure with the
simulated results from CAE during entire

process with PP/LGF30%
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[Fig. 14] CAE D/B viscosity and modified viscosity of
PP/LGF30%
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[Table 6]

conditions of PA66/LGF50%

913l [Table 619} 22

Injection molding and CAE analysis

Injection molding and CAE analysis conditions

Resin PAGG/LGF50%
Mold Temp. 8 C
Melt Temp. 300 T
Inetion speed Casel Case2 Case3
25% 36% 45%
Injetion pressure 80bar
V/P switch-over By volume filled 9%
Cooling time 20 sec
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[Table 7] Cross-WLF Viscosity model parameter of
PA66/LGF50%
Cross—~WLF viscosity model
n 0.4589
Taux(Pa) 12500
DI(Paxs) 636 x10%
D2(K) 32315
D3(K/Pa) 0
Al 54.807
A2(K) 51.6
10000, A T=280[C]
m T=290[C]
‘::.:“ &« T=300|[C]
1000.0 $2322355 5040
TealTEn

Viscosity [Pa-s]

100.0 o ‘.lhh:i
M
10.00 ti
1.000 ]
1.000 10.00 100.0 1000.0 10000, 1.000E+05

Shear Rate [1/s]

[Fig. 16] Viscosity curve of PA66/LGF50% in CAE
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[Fig. 15] Grade selection of PA66/LGF50%
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[Table 8] Cross-WLF viscosity model parameter of

PA66/LGF50%
Cross-WLF viscosity model
CAE D/B Estimate
n 0.4589 053
Taux(Pa) 12500 7000
DI(Paxs) 636 x 102 1.305 x 107
D2(K) 32315 330
D3(K/Pa) 0 0
Al 54.807 53.807
A2(K) 51.6 516
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m T=230[C]
@ T=300[C]
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[Fig. 19] Estimated viscosity curves of PA66/LGF50%
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(c) Pressure profiles at P1, P2 for Case 3

[Fig. 20] Comparison of Cavity Pressure with the
simulated results from CAE during the
filling step with PA66/LGF50%
modified viscosity curves
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[Fig. 22] Comparison of capillary rheometer measurement
results with the estimated viscosity curves for
PA66/LGF50%
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