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* Capacitance 50 to 300UF (460UF pecial)
® Voltage up to 1000 Vac

® Protected / UL Approved

%




® Passive Ha

® Effects on capqc':'i’r_ design

A ® Design considerations for higher frequency capacitors
/3° Future trends for higher frequency applications
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® Process controls
® Renewable energy inverters

®* Variable frequency power drives — focus of presentation




®* Heavier

2 (Laminated Steel)

® Larger footprint

Rotor (Steel)

® Energy inefficient at higher — S e

frequency due to high losses
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* Higher p

® Improved contro

®* Overall cost, over the life of

system is lower
® Smaller, lighter systems

® Smaller sinewave filters

Efficiency
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‘motor

* PMAC mot es which cause demagnetization

®* Optimized fil;re_;?ds perform best

~  ® Higher switching frequencies, >4 kHz
/3° Higher fundamental frequency >150 Hz
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Smaller sinewave filters

Efficiencies, energy savings

Higher power densities
Improved control

Lower overall cost

Sic GaN
2010’s

Evolution of Switching Technology




< ngher SW|’rch|ng requencies, > "Hz
/ ® Higher fundamental frequency >300 Hz
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Inductor / Capacitor “trap” fi
Material selection designed to

operate at higher frequency
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FUNDAMENTAL CAPACITOR PERFORMANCE REVIEW
|\” POWER LOSSES — I? ESR
ESR = tan 6 / omega * C R T

ESR=tan § /2 * Pl * f * C
Dielectric losses are high at low

frequencies
ARl | R e 100 pF
Become ohmic losses Rs at higher 0+ -'-;-;;;-;; | T —
H \ i\i Qi i R | ||||||| 40 uF
i _'_g'_'f—'f—'g_f'll_'*:'_'i_'i_i—i'i ''''' R IR
ESR - Effective Series Resistance N NG

Tan delta — DF
C — Capacitance
Rs — Ohmic losses

ESR curves for typical CDE AC filter capacitors




®*High Frequency, specmllzed
/ * PMM / HF VFD “



Fast Fourier Harmonic Current
Transform FFT
low frequency
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ctric losses

* Results typic capacitor fo handle the power

losses
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Fast ol Harmonic Current
Transform FFT mid frequency
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ric losses

v

and some higher imic losses

® Results typically in larger capacitor values

%




Fast Fourier Harmonic Current

Transform FFT h|gh frequency
100% Fundamental
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tric and

~ quqcﬂqnce es are typically lower than traditional filter

( capacitors
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®* Not worrled abou

.



Amplitude 1
(power)

Frequenc

* Shows designer where the hc

Frequency Domain

Measurements

frequencies are and amplitudes Time domain
Measurements

®* Keep power generated below

T capacitor max power dissipation
0O
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® Selection of in

®* Wider

® Litz wire

® Stranded wire
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f (kHz)
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* Non ferrous materiGiTT o Ty M——
* COMSOL model



CAREFULLY CONSIDER OHMIC LOSSES THERMAL MODEL

% HIGH FREQUENCY CAPACITORS

/
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~® Ove

® |ncreased temp

® Forced to use larger and de-rated
O capacitors in series parallel configuration
*~Fewer high frequency capacitors needed




. qumonlc requen

® Voltage and current waveforms
/' Application temperature



. Non-ferro

Sk

(X ®* Keep generated power Iosses sqfely below power handling capability



* Compactness brings capacit jh temperature power

electronics "
O ®* Newer high temperature dielectrics required to perform in AC
/} circuits under development
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