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ABSTRACT

As global warming accelerates, eco-friendly electric cars are being developed to reduce carbon dioxide emissions,
and power conversion inverters are used to drive motors. Among inverter components, DC-link capacitor is heated by
high current usage, which causes problems such as performance and life-saving of inverter. Although metal cases
with good thermal performance have been used to solve this problem, it is difficult to apply them in practice due to
insulation problems with other parts. In this paper, the Heat-Generation influence factor of DC-link capacitor is
analyzed. Variables on heat-generation are set at 3 levels for film width, inductance, and film thickness. Box-Behnken
to 13 tests using the design and minimal deviations, e.g. through the experiment three times by each level. The
surface of the film k type by attaching the sensor current is measured temperature. Capacitance was set to a minimum
level of 200 p F and had a frequency of 16 kHz with Worst case, ambient temperature of 85° C and a ripple current
of 50 Ams was applied. The temperature at the measurement point was collected in the data logger after sampling at 1
minute intervals for 2 hours after saturation with the ambient temperature. This experiment confirmed that setup
factors are correlated with heat-generation.

Key Words : DC-link Capacitor, ESR, Stray Inductance, Joule-Heat, Film width

NOMENCLATURE Hot spot : Maximum temperature of film

At : Maximum temperature — Ambient temperature
Arms/At : Current density required to raise 1°C

ESL : Equivalent Series Inductance, Stray Inductance Z(RLC) : Impedance(Capacitance + Inductance + ESR)
ESR : Equivalent Series Resistance Ls : Stray Inductance
MPPF : Metallized Polypropylene Film L : Film width

C : Capacitance, uF

HEV : Hybrid Electric Vehicle

PHEV : Plug-in Hybrid Electric Vehicle
FCEV : Fuel Cell Electric Vehicle

A : Element cross section
Film thickness : Dielectric thickness of MPPF
Film element : Wound element with target capacity in

parallel construction
: Film width : the width of a dielectric material cut to fit
E-mail: osjun@kongju.ac.kr its intended use.
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Fig. 1. Schematic diagram of capacitor temperature
experiment.

Table 2. Parameter for temperature experiment

Factor Level Unit
Capacitance 200 pF, 1kHz
Frequency 16 kHz

Current 50 Arms

Voltage 270 Vde

Ambient temp’ 85 T
| PR

Y W NE @A
[ELE-0]

Fa(z)

Fig. 2. The Temperature experiment of DC-link capacitor.
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Fig. 3. Film thickness and inductance results for film
width 35mm

Table 3. Experimental results of film width 35mm

Tem Max temp’ At Amns/At
23 um 20nH 30T 80C 63
2.8 pm 10nH 911C 61T 82
2.8 um 30nH 24T 74T 638
32 um 20nH 908C 58T 86
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Fig. 4. Film thickness and inductance results for film width
42.5mm.

Table 4. Experimental results of film width 42.5mm

Ttem Mex temp’ A | AmsAt
23 pm 10nH 953C 103C 49
23 um 30nH 97.1C 121 41
2.8 um 20nH 30T 80T 63
32 pm 10nH 23T 71T 70
32 pm 30nH 944°C 94C 53
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Fig. 5. Film thickness and inductance results for film width
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Table 5. Experimental results of film width 50mm

Ttem Max temp’ At Ams/At

23 um 20nH 1014C 165C 30

2.8 um 10nH 94T 11.0T 45

2.8 um 30nH 984T 134C 37

32 pm 20nH 943C 94T 53
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Table 6. Response surface analysis results for three factors

Source DF1y Adj SS2) AdjMS3) | F-Valueyy | P-Values)
Model 9 342338 38.038 20821 0.000
Linear 3 301.797 100.599 550.65 0.000
Width 1 201.260 201.260 1101.65 0.000
Thick. 1 82510 82510 451.64 0.000
Induc. 1 18.027 18.027 R.67 0.000
Square 3 23440 7.813 277 0.000
width*width 1 8240 8240 45.10 0.000
Thick.*Thick. 1 12.116 12.116 6632 0.000
Induc*Induc. 1 6582 6582 36.03 0.000
2-Way Interaction 3 17.101 5.700 3120 0.000
width* thick. 1 16.567 16567 90.69 0.000
width*Induc. 1 0480 0480 263 0.114
Thick.*Induc. 1 0.053 0.053 029 0592
Error 35 6394 0.183
Lack-of-Fit 3 5421 1.807 5941 0.000
Pure Error 32 0973 0.030
Total 4 348732

1) DF : Degree of freedom

2) Adj SS : Sum of squares

3) Adj MS : Mean of square

4) F-Value : MSTR/MSE

5) P-Value : The criterion for determining the significance level and the
reference value is less than 0.05
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Fig. 6. Response surface analysis results for max temperature
versus film thickness and film width.
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Fig. 7. Response surface analysis results for Arms /At
versus film thickness and film width.
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Fig. 8. Temperature test results for optimization conditions

Table 6. Experimental results of film width 50mm

Ttem Max temp’ At Ams/At
Optimization results o 9
(Est) 920.6C 56C 893
Testresults 91T 51C 9.80
Accuracy 9945% 91.07% 91.12%
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