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Table 1 Parameters of UPR coating layer system

T/°C m,/mPa-s /s A B C

25 1131 3085 7.238 2.5x107  1.73x107°
28 985 2840 7.026 4.1x107  2.04x107°
30 836 2160 6.876 5.36x107 2.43x107°
35 694 1533 6.577 7.78x107° 3.45%x107°
40 501 926 6.238 10.2x107°  5.2x107°

Note: A, B, C are undetermined coefficients, respectively.
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Fig.5 Temperature-time-viscosity curves of UPR coating layer
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Fig.6 Casting time and volume fraction distribution images of coating layer at different casting rates
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Fig.11 Casting process at the bottom of coating layer (a—c: schematic diagram; d—f: vector diagram)
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Fig. 12 Casting process at the middle of coating layer (a—c: schematic diagram; d—f: vector diagram)
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Fig.13 Casting process at the top of coating layer (a—c: schematic diagram; d—f: vector diagram)
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Fig.14 Distribution of filling volume fraction of the top section of coating layer (a=f: 194, 196, 198, 200, 202, and 204 mm

section)
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Fig.15 Location of defects of the coating layer
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Flow and Casting Process Simulation of Unsaturated Polyester Coating Layer

ZHANG Yu-Ilu', LIU Ben-ben’, CHEN Guo-hui’, CAO Bei-bei’, HE Ji-yu', LI Xiang-mei', YANG Rong-jie'

(1. School of Materials Science and Engineering , Beijing Institute of Technology , Beijing 100081, China; 2. Research Institute for Frontier Science, Beihang
University, Beijing 100191, China; 3. Xi'an Modern Chemistry Research Institute, Xi'an 710065, Chinas; 4. School of Chemistry and Chemical
Engineering , Beijing Institute of Technology , Beijing 100081, China)

Abstract: The new challenge to the existing coating layer process was put forward by the development of solid rocket motor tech-
nology. In recent years, thermosetting resin as the matrix was used, combined with continuous automatic coating technology,
the popular coating production method of coating layer lies in whether complete molding and excellent performance can be ob-
tained quickly. The flow properties and casting condition of unsaturated polyester (UPR) coating layer were studied. The chemi-
cal rheological model of the UPR coating layer during continuous automatic manufacturing is obtained by introducing exponen-
tial function based on Kinua-Fontana model. The functional relationship of viscosity versus time and temperature of cured UPR is
established. The suitable temperature for casting operation was obtained. The filling volume fraction distribution, flow rate distri-
bution and weld line position of coating layer were predicted by introducing of POLYFLOW simulation software, which the con-
stitutive equations is established on the base of Bird-Carrea power-law equation. The casting process was simulated at the con-

stant rate and pressure, respectively. The results show that the casting temperature is below 35 °C, the casting pressure is more

1 1

than 1 MPa, and the inlet flow rate is more than 150 mm’-s™" and less than 175 mm’-s™" in the coating layer casting process.
Key words: unsaturated polyester resin (UPR) ;cladding;rheology;simulation
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