a2 United States Patent

Ren et al.

US010651656B2

US 10,651,656 B2
May 12, 2020

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)

(73)

")

@
(22)

(65)

(60)

(1)

(52)

(58)

UDE-BASED ROBUST DROOP CONTROL
FOR PARALLEL INVERTER OPERATION

Applicant: Texas Tech University System,
Lubbock, TX (US)

Inventors: Beibei Ren, Lubbock, TX (US); Yeqin
Wang, Lubbock, TX (US);
Qing-Chang Zhong, Willowbrook, IL,
(US)

Assignee: Texas Tech University System,

Lubbock, TX (US)

Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 264 days.

Appl. No.: 15/698,956
Filed: Sep. 8, 2017

Prior Publication Data

US 2018/0076630 Al Mar. 15, 2018

Related U.S. Application Data

Provisional application No. 62/394,303, filed on Sep.
14, 2016.

Int. CL.
HO02J 3/46 (2006.01)
HO2M 7/5395 (2006.01)
(Continued)
U.S. CL
CPC ..o HO02J 3/46 (2013.01); HO2M 7/493

(2013.01); HO2M 7/5395 (2013.01); HO2M
2001/0025 (2013.01)

Field of Classification Search
CPC ... HO02J 3/46; HO2M 7/493; HO2M 7/5395;
HO2M 2001/0025

(56) References Cited
U.S. PATENT DOCUMENTS
5,191,519 A *  3/1993 Kawakami ................ HO02J 3/46
363/71
7,274,181 B2 9/2007 Schrom et al.

(Continued)

OTHER PUBLICATIONS

Bollman, A. M., An Experimental Study of Frequency Droop
Control in a Low-Inertia Microgrid, Thesis, Master of Science in
Electrical and Computer Engineering, University of Illinois at
Urbana-Chapaign (2009) 60 pages.

(Continued)

Primary Examiner — Thienvu V Tran
Assistant Examiner — Brian K Baxter

(74) Attorney, Agent, or Firm — Loza & Loza LLP;
Kevin L. Soules

57 ABSTRACT

A control system and method include a control strategy and
a UDE (Uncertainty and Disturbance Estimator)-based con-
troller incorporated into the control strategy to achieve
proportional load sharing for parallel-operated inverters.
The UDE-based controller regulates the reactive power
against the output generated by a reactive power reference
unit according to the load voltage to generate the amplitude
of the control voltage. The conventional droop method
regulates real power to generate the phase of the control
voltage. As a result, the model uncertainties (e.g., parameter
drifts and uncertain output impedance), and system distur-
bances (e.g., fluctuating DC-link voltage and load change)
can be estimated and compensated for accurate load sharing.
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