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Abstract A driving controller for active destruction protections can be applied to machinery, aerospace and military
fields. In particular, this controller can be used to track and attack enemy flying objects through the active control.
It is important to ensure reliability of the driving controller since its operation should be kept with precision to the
target point. The temperature of the environment where the driving controller is used is about -32 C ~ 50 C (241
~323 ). Heat generated in the driving controller should be maintained below a certain threshold (85 C (358 )) to
ensure reliability; therefore, the study and analysis of the heat flow characteristics in the driving controller are
required. In this research, commercial software Solid-Works Flow Simulation was used for the numerical simulation
assuming a low Reynolds number turbulence model and an incompressible viscous flow. The goal of this paper is
to design the driving controller safely by analyzing the characteristics of the heat flow inside of the controller
composed of chips or boards. Our analysis shows temperature distributions for boards and chips below a certain
threshold.
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Fig. 1. 3D model of the driving controller
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Fig. 3. Analysis cell.
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Table 1. Specification of components

Coefficient
. Density |Specific heat| of thermal
Components Materials & g/m?; (ke ° Ky | conductivity
Wm ° K)
Boards Epoxy resin 1120 1400 0.2
Chips Silicon 2330 705 150
Rubber packing Rubber 930 450 0.14
Case, Block,
Fixed pins, Aluminum 2689 902 237
Support
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Table 2. Heat sources for the components
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Components Heating value (W)
Diode chip 12.6 ﬁ RN IR TR A =
IGBT chip 32 = i
SKHI chip 6.75 e
Main board chip 5 Section3

EMI chip 3 I I

Signal processing board 2.5 @ e U S ug O et
DSP board 25

Table 3. Heating condition for the components

Heating condition
Time range (sec) -
Operation Components
0 ~02 ON All components
OFF IGBT, Diode, SKHI chip
02 ~ 025
ON Power board 40%, Others
0.25 ~ 045 ON All components
OFF IGBT, Diode, SKHI chip
0.45 ~ 300.45
ON Power board 40%, others
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Fig. 4. Sections for a top view of the controller
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Fig. 6. The Position of Main Board Chips
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Fig. 8. Temperature distribution of solid and fluid at
874(sec).
(a) Section 1 (b) Section 2 (c) Section 3
(d) Section 4

Fig. 79} 82 F5A017] We] nAet fAle] &= &
X5 7 6024t FHRES] 874% 004 YER Floltt
o] IYEL Fig. 49 4719] F-(section) o2 -5 A ]
715 vrol ZF Fol tisf AdellA A 4 fEE
A TREelh 4719] 7 BRSO A 602 W} 8743
A wjo] LEREE A3 HEo] HARE FY ARl
Mo 7t HREO LEREY A= Oy ot o]
o] BaL 9lA] Tt WA, Table 40 Algte] w3t

(d

Fig. 7. Temperature distribution of solid and fluid at o e FEAo7] WY nARET AR A
60(sec). 9 Hojers Yepyst

(a) Section 1 (b) Section 2 (c) Section 3 '
(d) Section 4

Table 4. Maximum temperature of fluid and solid

Parameter Minimumo Maximumﬂ
temperature /X temperature /X
Fluid |323° K 3235 347.1
Solid 33° K 3232 348.9
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Fig. 9. Temperature and flow distribution of the internal
fluid.
(a) 60 (sec) (b) 874 (sec).

Fig. 10. Temperature <(1bi)stribution of the internal
components.
(a) 60 (sec) (b) 874 (sec).
Table 5. Temperatures of SKHI chips
i Maximum Temperature
Time step SKHI Chip ( ° K

(sec)

no. 1 no. 2 no. 3
60 323.17 323.20 323.21
120 323.26 323.31 32333
180 323.38 32343 323.45
240 323.51 323.54 323.57
300 323.67 323.65 323.68
360 323.84 323.78 323.81
420 323.97 323.87 323.89
480 324.07 323.93 323.96
540 324.14 323.97 324.00
600 324.21 324.02 324.05
660 324.32 324.13 324.15
720 324.38 324.17 324.19
780 324.45 324.22 324.24
840 324.51 324.27 32429
874 324.55 324.30 324.32

240

Table 6. Temperatures of main board chips

Maximum temperature
Time step main board chips ( ° K)

(sec)

no. 1 no. 2 no. 3 no. 4
60 327.50 327.75 327.00 327.10
120 329.74 329.99 328.54 328.65
180 330.96 331.22 3294 329.50
240 331.67 331.92 329.92 330.00
300 332.1 332.36 330.24 330.33
360 332.42 332.68 330.49 330.58
420 332.61 332.87 330.65 330.73
480 332.73 332.99 330.75 330.83
540 332.81 333.07 330.83 330.90
600 332.89 333.15 330.90 330.97
660 333.00 333.26 330.99 331.06
720 333.06 333.32 331.05 331.12
780 333.12 333.38 331.10 331.17
840 333.18 333.43 331.15 331.22
874 333.21 333.46 331.18 331.25
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