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The Reduction Design for Structure Borne Noise of Electronic Cabinet
on Shipboard Considering Cooling Performance
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An air cooling system using an axial flow fan is generally applied in an electronic cabinet on shipboard. However, cases
that apply a water cooling system or a mixture of water cooling and an air cooling system are gradually increased by
applying the high-performance SBC (Single Board Computer) or DSP (Digital Signal Process), which has a high heating
value. In this study, a structure borne noise reduction design for an electronic cabinet that applied a mixture of air and
water cooling system was performed. First, the cooling system design was performed using a numerical analysis to secure
a thermal stability, and then an electronic cabinet was produced. Next, considering the cooling performance, the reduction
design for structure borne noise that causes an underwater radiated noise was performed using the experimental approach.
The electronic cabinet, which has a thermal stability and meets the structure borne noise specifications, was finally

developed.
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Fig. 1 Configuration of an electronic cabinet

Table 1 Thermal analysis conditions

Max. heating value 435kW
Efficiency of a heat exchanger 0.686
Axial flow fan Fan(A) : Table 5
Temperature of cooling water 24°C, 7°C
Ambient temperature 50°C, 20°C
Max. allowable temperature of a DSP board 105°C

Table 2 Results of thermal analysis

Analysis case

Analysis conditions

TA1 TA2 TA3

n Ambient temp. (°C) 50.0 20.0
Cooling water temp. (°C)  24.0 7.0 24.0

Out Maximum temp. (°C) 95.0 80.4 90.2
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Fig. 3 Location of temperature measurement on a electronic cabinet

Table 3 Temperature test conditions

Ambient temperature 28°C

Temperature of cooling water 16°C
Fan(A) : Table 5

Axial flow fan

Table 4 Measured temperature for each point

Temperature at the measuring points, °C
A B D E H I
36.9 45.4 60.5 75.0 61.8 16
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- Test standard : MiL-STD-740-2 Type III
- Limit : 40 dB + 3 dB(1/3 Octave, NarrowBand)
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Fig. 6 Structure borne noise level for Fan(A), Fan(B), Fan(C)

Table 5 Specification of axial flow fan

Specification Fan(A) Fan(B) Fan(C)
Nominal voltage
VDO) 12 12 12
Speed (rpm) 4200 4500 4800
Power consumption (W) 4.0 5.64 38.9
Air flow (m?/h) 67 103.2 370.2
Sound pressure level (dB(A)) 43 46 64
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Fig. 7 Improvement cooling system

Table 6 Specification of Fan(D)

Specification Value
Nominal voltage (VDC) 12
Speed (rpm) 4400
Power consumption (W) 3.5
Air flow (m?/h) 83
Sound pressure level (dB(A)) 42
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Heat pipe

Heat sink
for CPU

Fig. 8 Inner and outer configuration of heat sink

Table 7 Temperature test result for DSP board

Temperature (°C)

Case
CPU Heat pipe At
Natural convection 92 56 36
Forced convection 79 36 43

Table 8 Temperature test result for DSP board

Table 9 Temperature test conditions

Case Fan Cooling water ~ Cooling water
operation mode  temp. (°C) flow (L/h)
Tl I 24.0
T2 I 16.0
T3 I 16.0 300
T4 I 27.0
T5 I 24.0
Table 10 Fan operation mode
Fan Left fan Center fan Right fan
operation assembly assembly assembly
mode Fan(D) Fan(B) Fan(D)
I 11 EA 11 EA 11 EA
I 8 EA 11 EA 8EA
I 7EA 11 EA 7EA
v 0EA 11 EA 0EA

Temperature (°C)

Case
CPU Base Heat At
metal pipe
Pad 87 54 53 34
Grease 66 54 53 13
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Table 11 Temperature test results (DSP board)

Case Fan Cooling water ~ Temp. for DSP
operation mode  temp. (°C) board (°C)
T1 I 24.0 67.0
T2 I 16.0 60.0
T3 11 16.0 Fail
T4 I 27.0 71.5
T5 I 24.0 70.0
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Fig. 9 Structure borne noise test results
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Fig. 12 Equipment composition for structure borne noise test of side
fan assembly
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Table 12 Test conditions for side fan assembly

Material of a mounting plate MC nylon, AL
Driving voltage 12, 11,10,9,85V
Combination of cushioning material Table 13
Table 13 Combination of cushioning material
Case Front of a Rear I of a Rear I of a
mounting plate mounting plate mounting plate
D1 Rubber Rubber -
D2 Expanded Expanded )
polyethylene polyethylene
D3 Rubber Rubber pi’;lzi‘l?;feie
Table 14 Temperature test conditions for a cabinet
Driving voltage of side fan assembly &5V
Ambient temperature 25°C
Cooling water temperature 24°C
Cooling water flow 300 L/h
Max. heating value 4.5 kW
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