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During Transportation of PCS(Power Conversion System) for Reliability
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Theoretical Heat Flow Analysis and Vibration Characteristics
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Abstract PCS needs to freely switch AC and DC to connect the battery, external AC loads and renewable energy in both
directions for energy efficiency. Whenever converting happens, power loss inevitably occurs. Minimization of the power loss
to save electricity and convert it for usage is a very critical function in PCS. PCS plays an important role in the ESS(Energy
Storage System) but the importance of stabilizing semiconductors on PCB(Printed Circuit Board) should be empathized with
a risk of failure such as a fire explosion. In this study, the temperature variation inside PCS was reviewed by cooling fan
on top of PCS, and the vibration characteristics of PCS were analyzed during truck transportation for reliability of the prod-
uct. In most cases, a cooling fan is mounted to control the inner temperature at the upper part of the PCS and components
generating the heat placed on the internal aluminum cooling plate to apply the primary cooling and the secondary cooling
system with inlet fans for the external air. Results of CFD showed slightly lack of circulating capacity but simulated tem-
peratures were durable for components. The resonance points of PCS were various due to the complexity of components.
Although they were less than 40 Hz which mostly occurs breakage, it was analyzed that the vibration displacement in the
resonance frequency band was very insufficient. As a result of random-vibration simulation, the lower part was analyzed as
the stress-concentrated point but no breakage was shown. The steel sheet could be stable for now, but for long-term domestic
transportation, structural coupling may occur due to accumulation of fatigue strength. After the test completed, output voltage
of the product had lost so that extra packaging such as bubble wrap should be considered.
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Fig. 1. Exterior and interior of PCS.
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Table 1. Setting of sweep test

=] o OS5
0L TS 9I5t o

o 145

Fig. 2. a) Test setting of sweep and random vibration test for
PCS, b) location of control sensor, b) location of monitoring
sensor

Table 2. PSD profile for vibration test.

Breakpoint No. Frequency (Hz) PSD (G*Hz)
1 1 0.0001
2 4 0.01
3 100 0.01
4 200 0.001
TR 5P A% AEE AN} AFS] 1F I
< W] 913 AlF *JLPJ EUHY AHE A5
th T AES AT 29 AP Table 13} 7o)
3~200 Hz H¥olA 0.8 G-rms 2.2 F3d31Hom, dy
Alge KS T 50555 ZFLste™ Table 29 PSD
(Power Spectral Density)E 4-8-3ld 1 hr F3J = Sich.

L Vibration frequency Acceleation Sweep rate
Type Direction Sweep cycle (Hz) (/s?) (Oct./min)
Sweep sine Z axis 1 3~200 0.981 0.5
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Fig. 3. Analysis of heat flow in PCS with cooling fans a) front
view, b) back view.
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Fig. 4. Temperature distribution of inner PCS by CFD Analysis.
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Table 3. Resonance characteristics of PCS frame by FEM Modal analysis

Mode 1 2

3 4 5 6

Resonance Frequency (Hz) 9.47 20.18

33.52 41.32 44.79 48.02
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Fig. 5. Modal deformation analysis of PCS by FEM.
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Fig. 6. Sweep vibration test results of PCS.
Table 4. Resonance characteristics of PCS frame by sweep vibration test
Mode 1 2 3 4 5
Resonance Frequency (Hz) 19.22 21.75 27.93 38.04 43.88
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Fig. 7. a) equivalent stress and b) shear stress of PCS frame by random simulation.
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Fig. 8. Random vibration profile, Z-axis.
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