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Real time phase current estimation for brushless DC motor drive system

by using front current of dc-link capacitor
Won Lee' - Jong-Joo Moon® - Jang-Mok Kim"
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Abstract: This paper proposes an estimation algorithm of phase currents of inverter systems with the planar bus bars for
brush-less DC (BLDC) motors. The planar bus bar can improve the characteristic of the EMC(Electro-Magnetic Compatibility).
In these inverters, a single current sensor of the dc-link measures the sum of a smooth capacitor current and phase currents of
brush-less DC motor. Thus, it is essential to extract phase currents from the measured single current to control BLDC motor.
Therefore, in this paper, the phase current is estimated by analyzing equivalent circuits of the BLDCM in ON and OFF peri-
ods of switching elements. The usefulness of the proposed algorithm is verified through experimental results.
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1. A & 2913 dol] w2 7o A Aol Fa gl i

BLDC (Brushless DC) A7) Altja]&e] o7]48S o 7o) golsttt. shARt F o] MF AAE AHEEH]
A7) dgel] ARlsh /1A S A gAY By e VIl S7kehE sl 3l gope] WA S A
AZs)o] v w9 AA 2 22 Urs} zon] Aojd ge] 7S Folal w3t B FAE =Y F AN
golat FAo] 9} o738 BLDC AE7]= A 2 2k Blo] 19 AFE olgste] iz wMEsof sk v
o] Asto] Q= FEY], TAF AH] W E SEH o ol o] At} o] T AF A E o] &3t A Fo Aujd
olo]E i Z77] Soz g o]g ] 9lt}. 1o whE} = v e g A o) e # miedAe 7S
thekal A A7 M Ao} 7)ol ATE I QTHI-B]. o] WS U2 AE-3I3ITHe]

S qoi BLDC #A%7]9] &5 ETE Aolsl7] 9 Aghel T3 A T Aloks SEsH7] 919 et o
A= AAE Asto] WaAolt). AR AN HXLO}L go g AfFrk AolES AMEEA i FHL HantE
Ll ‘?3% BLDC A%7]19] 34 = 27019 Ao AFAAE g3 A7 E7bekar o711 ZEy B 2anks
oA AFEA o) ARAAE B g Y QARG DS Hzsdel 203 A s
QITHs|-[6]. Ate] WAle BLDC A7) A A A o8k 4AF ¥ WXASla, EMC  (ElectroMagnetic
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Figure 1: Structure of the voltage source inverter system
with planar bus bar and current sensor (3D modeling & real
products)
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Figure 2: 3-phase BLDC motor drive system with planar
bus-bar
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Figure 3: Equivalent circuit in the switch-OFF period
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Figure 4: The current flows in the switch-OFF period
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Figure 5: Equivalent circuit in the switch-ON periode
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Figure 6: The current flows in the switch-ON period
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Figure 7: The current flows in the switch-ON/OFF period
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Figure 8: Block diagram for estimation of the inverter current
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Figure 9: Configuration of the overall experimental system
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Figure 10: 3-phase BLDC motor

Figure 11: Power conversion system

Table 1: Parameter of BLDCM
Motor Parameter

Rated Power 100 [W]
Rated Current 5 [A]
Pole 10

Rated Speed 2,500 [rpm]
Phase resistance 0.25 []
Phase inductance 565 [uH]
Back-emf constant 0.0083 [V/rad/s]

DC-link capacitance 3300 [uF]
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Figure 12: source current and inverter current in 0.25-duty

ratio

Figure 13: source current and inverter current in 0.5-duty

ratio

Figure 14: Estimated inverter current and the inverter cur-
rents measured by current probe and current sensor in 0.25
duty ratio

Figure 15: Estimated inverter current and the inverter cur-
rents measured by current probe and current sensor in 0.5
duty ratio
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Figure 16: Speed control by using the measured inverter
current

Figure 17: Speed control by using the estimated inverter
current
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Figure 18: Estimated inverter current and current reference
in the starting region

Figure 19: Estimated inverter current and current reference

in the maximum torque region

Figure 20: Estimated inverter current and current reference

in the maximum speed region
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Figure 21: Estimated inverter current, the measured inverter
currents by the current probe and current sensor
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