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ABSTRACT-In this paper, heatsink design for high
power converter is presented. There are many ways
of designing heatsink, but air cooling is by far the
most used and much more practical than any of the
other methods. In this paper, the practical methods of
cooling which include the method to reduce a noise
and a vibration due to a fan and the method to
design a gap resistance and a contact resistance due
to mounting force between thyristor and heatsink is
proposed. Finally, simulation and experimental results
are described to verify validity of the proposed
method.

1. Introduction

Electronic power conversion equipment relies on
the flow and control of electrical current to perform
its task. Whenever electrical current flows through
electronic component parts, heat is generated by the
flow of electrical current in electronic component
parts such as resistors, diodes, transistors, and
transformers - most of the parts found in a typical
power converter shown in Figure . Heat always
flows from the hot area to the cool area.
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Fig. 1 Diagram of High Power Converter

There are three basic methods by which heat can
be transferred: radiation, conduction, and convection.
Fig. 2 shows the thermal equivalent circuit of a
thyristor mounted on a heat sink. For sustained power
dissipation Q at the junction, the junction temperature
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Fig. 2 Thermal equivalent circuit of a thyristor mounted on a
heatsink.

Convection

T; can be calculated as:
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In equation (1), (2), (3) and (4), Ta and Tj is
the ambient temperature and junction temperature and
Ajc, Acs and Asa represent a contact surface from
junction to case, case to heatsink and sink to
ambient, and sink to ambient, respectively. L, and L,
represent a thickness from junction to case, case to
heatsink. 7y, 7, and 7; is the efficiency of Oy, Ocs
and 0ss. the h. is the coefficient of convection heat
transfer. k, is the thermal conductivity from junction

to case, k, is the thermal conductivity from case to
heatsink.

3. Heatsink Design Viewpoint from Noise &
Vibration

Air forced cooling method can cause the noise and
vibration due to a fan. A big noise reduces the
commercial value of products and a critical vibration
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can cause thyristor failure directly. Therefore, a noise
and a vibration due to fan have to be considered in
case of designing air-forced cooling method

Firstly, noises of heat sink consist of air-borne
noise, structure-borne noise and pipe resonance. The
air-borne noise is the noise of fan itself,
structure-borne noise is the heat sink noise caused by
fan vibration and pipe resonance noise is the noise
that the fan noise is amplified by the air duct of
heat sink. Figure 3 shows the theory of heat sink

noise according to heat sink structure.
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Fig. 3 Heat sink construction

3.1 Air-borne noise
" The noise frequency of air-borne noise is following
as :

_ BkadeNum. « Blade RPM
= Iy )

3.2 Pipe resonance
The equ. (6) shows' the pipe resonance frequency.
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where, C is 343m/sec and ! is the length of pipe

3.3 Structure-bone noise

A mass, a spring constant and a damping constant
between fan and heat sink determine structure-borne
noise. Therefore, if the spring constant is changed,
the noise can be reduced. The natural frequency of
the heat sink is following as :

_ 1, [%
fi= 5 i (M

where, k is spring constant, M is total fan mass.

The equation (8) shows the design method of a
spring constant, the equation of transfer rate (7)) is '
following as :
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Fig. 4 External form of heatsink

Fig. 5 Analysis model of heatsink

Fig. 4~8 drawn using an analytic heat transfer
code, FLUENT, show the results of theheat
distribution of heat sink. Fig. 4 shows the analytic

 model of heat sink, the analytic model used

unstructured grid and one hundred thousand cells and
symmetry plane. To simulate the convection due to
airflow, the following was considered in a turbulent '
flow model :

O the case with fan is standard k-e

O the case without fan is laminar
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Fig. 5 shows the analysis results for heat sink with
2 fans at environment temperature 20 degree.

Fig. 6 is simulated in the case of outage of fan 1
and fig. 7 is without fan. Finally, fig. 8 is the result
of the case without fan and environment temperature
50. Fig. 9 shows an experimental set that measures
resistances according to changes of pressure or
contact resistance of the thyristor. An experimental
heat sink system used in this paper is shown in Fig.
10. The second fan was designed for a use of
emergency backups.

a) Temperature distribution b) Three-dimensional temperature
distribution
Fig. 8 Temperature distribution of heatsink
(environment temperature : 20°C, without fan)

a) Temperature distribution b) Three-dimensional temperature
distribution
Fig. 6 Temperature distribution of heatsink
(environment temperature : 20°C, with 2 fans)

a) Temperature distribution b) Three-dimensional temperature
distribution
Fig. 9 Temperature distribution of heatsink
(environment temperature : 50°C, without fan)

a) Temperature distribution b) Three-dimensional temperature
distribution
Fig. 7 Temperature distribution of heatsink a) b)
(environment temperature : 20°C, with 1 fac) Fig. 10 Thermal resistance experimental set
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b) Back of the converter
Fig. 11 Implemented heatsink of high power converter

5. CONCLUSION

An efficiency heatsink system has been developed.
The conventional heatsink has been replaced with
efficiency heatsink system including a contact
resistance and a gap resistance, eliminating a noise
heatsink. Also, the
proposed method in this paper can be applied to
IGBT, GTO converter. Finally, the detail design
methods and experimental results including field test

and vibration of a fan for

results will be presented in the final paper.
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