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ABSTRACT

In this paper presents a new novel reaching law for sliding mode controlled DC-DC buck converter. The proposed
novel reaching law can dynamically adapt to the parameter variations of the controlled system, which allows
chattering reduction on control input while maintain high tracking performance of the controller. Chattering
analysis presented for both traditional and proposed reaching law. The simulation results are presented to show the
better performances of the proposed reaching law and regarding particularly the chattering reduction and high
convergence speed on control input in steady state regime.
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INTRODUCTION

Sliding mode control is applied to DC-DC Buck cortee for its good dynamic response and robustriggsin
SMC the chattering is severe problem, which capseger losses in switching devices. Hence a propasedw
novel reaching law reduces a chattering near glidurface of system. The SMC based reaching lawngsosed
and output voltage to reach steady state taken mimee [1]. The SMC based on reaching low as progdse
eliminate chattering and reaching phase has takere time [2]. Research of new SMC based converts w
proposed and eliminates the chattering and takere time to reach the sliding plane to compare jeviwork
[3].In most system, chattering phenomena is undkkrbecause it can excite high frequency dynamitish
could be in proposed to overcome this phenomenannteresting approach for chattering reductiotoishange
the reaching law by making the discontinuous gkira‘function of ‘s’, Gao [7], one of the reachititey studies
based on Constant Plus proportional rate reactiategy and use the following reaching law.

S = —esgn(S) —kf(S) k>0,€>0 )
However in aforementioned reaching law the termsand ‘k’, thus reducing the robustness of thetoaler near
the sliding surface and also increasing the reactiine.

In order to propose a solution aforementioned gnuisl, this paper introduces a new reaching law guntpan
exponential term functions of the sliding surfag& This reaching law is able to deal with chattgrperformance
phenomena. The exponential form smooth by adoptatien of ‘S’. [5-6]

In order to have a faster reaching time a good swlass as tracking performance ‘k’ must be inciekadewever
this will directly increase the chattering level the control input in order to solve the problehg interdependence
between reaching times and chattering level shartbved.

PROPOSED NEW NOVEL REACHING LAW

The reaching law proposed in this paper is basetherchoice of exponential term that adapts tovéréation of
switching function; this reaching law is given by.

-Ksgn(S)

[+l ) e

Wherea is a positive offseto>1), € is positive constant$1), p is positive constant (p>1) and k is a camistie>1)

S=

(2)
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The derivation of new novel reaching law is as gif@lows -Integrate between zero and tr’

0
(s‘S(O)+(] X1 e‘)sij) )sgn(s)éaﬁp ds

tr'= " (3)
If S<O for t<t’ than

s(0) -s(0)

I sgn6 e ™ ds=- J‘ e ds= J‘ e ds (4)

0

On other hand, if $ 0 for t<t

s(0)

J‘ sgnG g ds = I e ¥ds (5)
Therefore, one can Comb|ne the eqn. (4) and qul\(é}; the following,

1 p
= (e[s(0) +(x1 ) j eo“q ds (6)
Xq- -
tr':%[s|8(oj a0 8)}(1_6(1qu )
o

Eqgn.(7)shows the reaching time of sliding functighile keeping the same gain ‘k’ needed for thechézg law
egn. (2) is smallest than the needed for eqn.(1)[4]

DESIGN OF SM CONTROLLED DC-DC BUCK CONVERTER WITH NOVEL REACHING LAW

The state equations are

ic
K1=Vref-pVo K2=- B— X3=[X1
c 8
The derivative of the state variables
dW 1 dVo , UVI+W 1 1 UVi+Vo .
ﬁ_c':-ﬁ——E[o-iL] xp=P| L dVo , OViFVo ‘U—E[——-—} X3=X1
ClR dt L CLRC L
The sliding surface is given by
S=ouXr+a2X 2+ 3X 3 )
The derivative of the sliding surface is given by
S=uuX r+aX 2o X 0 (10)
The proposed new novel reaching law is given by
. -Ksgn(S
. LOM
(<))
-Ksan(S . . .
&= IO oyXsraX 2o 50 (1)
(('~“,+(|XZI.|-8)e'Olj )
Ksmis) fic  ThvinB 0 :
=ul| c—uZ Rﬂ?_fﬂ— —uzi—cﬁnl_‘-.’feﬁﬁvﬁ:'
|E‘|F‘ﬂ|'5? e
(12)
Ve LE_ |7 Rsgn®) m-alécﬁ L u?ﬁlj';:u—u?:[i-'ref-ﬁ‘,-'u]
= T 7 . .
2vinp || e=([x1<)e™ ) RC
b (13)
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- — ‘rlrc - * - e
Ueg=d d= Veamp Ve=d*Vramp  Vramp =pVin
a2 || =([X1 _E]E'D'Hpj ¢ RC™ Le

The control law for the above equation is obtaittedugh a exponential reaching law and automayicaiads to

free order switching scheme [7].

SIMULATION RESULTSAND DISCUSSIONS

From the Table-2 it's observed that the proposedhimg law gives less chattering, which exists ff@to 0.03 and
the magnitude is one milli sec. Traditional reaghiaw gives more chattering, which exists from @t®@5 and the
magnitude is one milli sec. Fig.1 shows the grapproposed and traditional reaching laws, the psegoreaching
law gives very less chattering than conventionathéng law. Fig. 2 shows the graph of line variatiomm 24V to
15V and then 15V to 24V. Which results very lessataon in the output voltage.Fig.3 shows the graphoad
variation from 1@ to 3.7%2 and 3.7% to 1@, which results very less variation in output vgitaFig. 4 shows the

graph of sliding surface of proposed reaching Big. 5 shows the graph of Error of proposed reaglamw.

Table-1 Specification of Buck Converter

Parameter Symbol Value
Input voltage Vi 24Volts
Capacitance C 220
Inductance L 66H
Switching Frequency fs 200KHz
Minimum load resistance Rmin) 6 Ohm
Maximum load resistance LRnax) 10 Ohm
Desired Output voltage N 12v

Table-2 Chattering Analysis of Proposed and Traditional Reaching Law

Reaching laws Traditional reaching law Proposedtiea law
Chattering existence on error axis 0t00.25 00680
Chattering existence on Derivative of error axisgmtude) 1le-03 1le-03
Chattering More Less
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Fig. 1 Chattering analysis of reaching laws
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Fig 2 Linevariation from 24V to 15Vat 0.6msand 15V to 24V at 1ms of proposed reaching law
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Fig. 3 Load variation from at 10Q t03.75Q at 0.6ms and 3.75Q to 10Q at 1ms of proposed reaching law

b —— —

- — — —

L - — -

6
O.5X 10

adeuns buiplis

0.006 0.008 0.01

0.004

Time in Secs
Fig. 4 Sliding surface of proposed reaching law
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Fig. 5 Error of proposed reaching law

CONCLUSION

In this paper conventional and exponential reackamgapplied to SMC DC-DC buck converter. The Pigabnew
novel reaching law reduces the chattering and as@etracking performance of steady state outpuiagel
Simulation results of the proposed reaching lawbatter performance than conventional reaching.l&specially
regarding the reduction of chattering in turn restuthe switching losses.

REFERENCES

[1] Chi Ying Liang and Shun-Wen Tan, A New ApproachCieattering Reduction in the Sliding Mode Controls,
Control And Decision Conference,China2007,157-163

[2] XiaoYanhong and GE Zhaoyan, Global Sliding Modeistale Structure Control Systerlectric Machine and
Control, 2002, 2, 232-236.

[3] Charles J Fullaaha, Maarouf Saad, Youssef Kanndrkamal AL-Haddad, Sliding Mode Robot Control with
Exponential Reaching LawEEE Transactions on Industrial Electronics, 2011, 58 (2), 1324-1328.

[4] LA Montestruque and PJ Antsaklis, Stability of MeBlased of Networked Control Systems with Time-Vagyi
Transmission TimedEEE Transactions on Automatic Control, 2004, 49(9), 1562-1572.

[5] GX Wang, ZM Wang and DS Naidu. On Model-Based Neked Control of Singularly Perturbed Systems,
Proceeding of the 37Chinese Control Conference, New York: IEEE Pres£008, 16-18.

[6] ZM Wang, Liu W and H.H Dai ,V.Zhang, Robust Statilion of Model-Based Uncertain Singularly Pertarbe
Systems with Networked Time-Delay, Proceeding ef4B" IEEE Conference on Decision and Control, New York:
IEEE Press2009, 7917- 7922.

[71JY Hung, W Gao, JC Hung, Variable Structure Cont#oSurvey,|lEEE Transactions on Industrial Electronics,
1993, 40 (1), 2-22.

[8] Yu Ni and Jianping Xu, Global Sliding Mode Contalifor Buck Converter Based on Reaching L&aentrol
system Conference, Taiwan,2008,123-134.

16



