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Backstepping sliding mode control based on exact feedback linearization for
bi-directional DC converter in DC microgrid

WANG Baohua', JIANG Li*
(1. School of Automation, Nanjing University of Science and Technology, Nanjing 210094, China;
2. State Grid Wuxi Power Supply Company, Wuxi 214000, China)

Abstract: The variation of the bus voltage in the DC micro network has a great influence on the load. In the process of
regulating the DC bus voltage by the energy storage system through the bi-directional DC converter, the duty cycle will
change by a wide margin, which leads to serious nonlinear problem and unstable bus voltage. To solve the problems,
backstepping sliding mode variable structure control is combined with exact feedback linearization, which is applied to
the bi-directional DC-DC converter. The non-minimum phase characteristics and variable structure features of the
converter are solved. The method can guarantee the robustness and stability of the system under uncertain and nonlinear
conditions and external disturbances. The converter state equation is analyzed firstly, and the exact feedback linearization
model through coordinate transformation is deduced and then the backstepping sliding mode controller is designed.
Finally, the results of simulation built by PSCAD demonstrate the validity and superiority of the proposed control scheme.
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Fig. 1 Structure diagram of a DC microgrid
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Fig. 2 Simplified structure diagram of a DC microgrid
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Fig. 3 Power curve of equivalent constant power load ( £, )

0.700 10

0.700 08

0.700 06

0.700 04

T

0.700 02
0.700 00 =

0.699 ‘JR“

s

4 BEHMFKEE
Fig. 4 Surplus capacity of battery

430
425

420 b : .
-8 4]0 S

405

390

A00) Pt g |

405

1490 1495 1500 1505 L5100 L1515 1.520
s
(a) 1.5 sPhEa 58 480 1 i BFek ey 1 Dl 2

404
403 |
402 |
401
400 |

398 -

397 oo

396 |
395

410

2.490 2.495 2.500 2.505 2510 2515 2.520

tls

(b) 2.5 sTIRIEAR N It BELk i i i T

408 |
406
404
402 -

396 |
394

=, 400 %
SHETT.

90 : i i
3490 3.495 3.500 3.505 3510 3515 3.520

s
(c) 3.5 sEh =S85 I it BRER e T in 12




P
TEiE, %

LTRGBS Tt e A ) L YA P P9 X T PR AR A S A A4 o) - 47 -

1500

1000 |
2

500 peerr

ol i j N S N P

450 455 4.60 4.65 470 475 4.80 4.85 4.90 4.955.00
t/s

(d) 4.5 s/ H BRI TR

E 5 HitBHmERR

Fig. 5 DC bus voltage waveforms
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