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Application of Topology Optimization Based on sinh Function in the

Design of Heat Conduction Structure
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Abstract: The heat conduction structure design of electronic equipment is an effective method to solve the ther-
mal protection problem of aircraft electronic equipment. The experiential-based traditional design method has
the problems of long design period, and can’t acquire the better results, so the topology optimization applied in
thermal design of aircraft electronic device can acquire the fast better structure layout. The heat conduction to-
pology optimization mathematic method based on hyperbolic sine function (sinh function) interpolation model is
established. Its algorithm is applied to 2D and 3D heat conduction samples, and realized with MATLAB pro-
gramming. The model is compared with SIMP model and RAMP model, and applied in conduction topology op-
timization design of onboard LRM module. The results show that the interpolation model based on sinh function
is more accurate than SIMP interpolation model, and has fewer iterations than RAMP interpolation model, and
can better solve the problem of topology optimization design of heat conduction structure.
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Fig. 5 Optimization results of heat-conducting plate

evenly heating and cooling at the left center
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Optimization data comparison of heat-conducting

Table 1

plate evenly heating and cooling at the left center

1A {E A 2 H b bR 2 (H AV TSR] /s
SIMP 166 919 319 39.16
RAMP 152 717 1248 153.45

sinh #7 151 178 755 92.75
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Fig. 6 Model diagram of heat-conducting plate evenly

heating, and the left edge cooling
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Fig. 7 Optimization results of heat-conducting plate

evenly heating, and the left edge cooling
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Table 2 Optimization data comparison of heat-conducting

plate evenly heating, and the left edge cooling

EGIRIER R H A7 bR U AR T E] /s
SIMP 1115.30 738 112.13
RAMP 976. 14 349 53.28

sinh 155 7 958. 16 354 53.68
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Fig. 9 Optimization Results of heat-conducting

plate center heated and four apexes cooled
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Table 3 Optimization data comparison of heat-

conducting plate center heated and four apexes cooled

1A {E A 2 H b bR 2 {H S AVE TSR] /s
SIMP 336. 02 270 457.73
RAMP 336.10 231 395. 82

sinh 4% 336.08 162 279.01
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Fig. 10 The model diagram of the heating of 5 centralized
heat sources on the thermal plate and the heat

dissipation at the surrounding boundary
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Fig. 11  Optimization results of the heating of 5
centralized heat sources on the thermal plate and the

heat dissipation at the surrounding boundary
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Table 4 Optimization data comparison of the heating of 5
centralized heat sources on the thermal plate and the

heat dissipation at the surrounding boundary

Il (A Y H b7 o £ (6 AR EL TR E /s
SIMP 10. 97 239 447. 45
RAMP 10. 97 231 435. 38

sinh £ 10. 97 201 378.79
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Fig. 12 A schematic model of uniform heating of the

lower surface and cooling of the four

vertices of the upper surface
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Fig. 13 Optimization results of uniform heating of the

lower surface and cooling of the four

vertices of the upper surface
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Table 5 Optimization data comparison of uniform

heating of the lower surface and cooling of the

four vertices of the upper surface

EGIRIER | H b7 bR U AR B PRI E] /s
SIMP 267.76 500 13 767.0
RAMP 267. 39 345 9 409.0

sinh 151 7 267.03 245 6 682.1
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Fig. 14 Schematic diagram of cube center

heating and eight vertices cooling
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Fig. 15 Optimization results of cube center

heating and eight vertices cooling
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Table 6 Optimization data comparison of cube

center heating and eight vertices cooling

1 {EL AR A o B A1 BV ¢ B /s
SIMP 8 883.19 36 1134.79
RAMP 8 877.76 59 1.826.01

sinh bR £ 8 873.36 50 1538.95
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Fig. 16 LRM module thermal conduction cooling diagram
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