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Abstract: This paper studies a design of Sliding Mod@erturbation and linearization around a precise
Control (SMC) for Positive Output Elementary Luopperating point. Finally, the small-signal modelsed
Converter (POELC) operated in Continuous Conductiofy derive all the necessary converter transfertfans
Mode (CCM). The POELC performs the voltage Congarsi 1 gesign a linear control system by using classica
from positive DC source voltage to positive DC loaq,nyro) techniques [7]. The design procedure id wel
voltage. Due to the time varying and switching nataf known, but it is generally not easy to accountther

POELC, its dynamic behavior becomes highly noraline . L
In order to improve dynamic performances of POEQC f wide variation of system parameters, because of the

both static and dynamic specifications, SMC is peggl. Strong dependence of small-signal model parameters
The SMC is designed by using state-space averafife converter operating point. Multi-loop control
modeling of POELC. The simulation of POELC with ité€chniques, such as current-mode control, havelgrea
control model is implemented in MatLab/Simulinke Thimproved power converter dynamic behavior, but the
performances of proposed controller with systenteséed control design remains difficult especially for hig

at various regions. The simulation results validateeffect order topologies.

of SMC on the static and dynamic performances @&IRO Sliding Mode Control (SMC), which is derived o

Key words: DC-DC converter, positive output eIementaryvan"’lbIe structure system theory, extends the jpiepe

luo converter, state-space average method, slidingle ©f hysteresis control to multivariable environments

control. resulting in stability even for large supply anédo
_ variations, good dynamic response, and simple
1. Introduction implementation over the conventional controller. A

number of contributions to SMC of power converters
DC-DC conversion technology has been developiRgth diverse sliding surfaces are available [8-10].
very rapidly, and DC-DC converters have been widely The POELC is a new series of DC-DC converters
used in industrial applications such as dc motives; possessing high-voltage transfer gain, high power
computer systems and communication equipments.density; high efficiency, reduced ripple voltagedan
Switch-mode power converters represent a pasticUgyrrent [11]. The voltage lift technique has been
class of Variable Structure Systems (VSS), and thgmccessfu”y employed in the design of DC/DC
can take advantage of nonlinear control techniquegnverters, e.g. three-series luo-converters, iithvh
developed for this class of system [1]. Anidealtool  the output voltage increases stage-by-stage in
should ensure system stability in any operatingrthmetic progression [11-12]. However, their aits
condition and good static and dynamic performaiftesare complex. An approach, positive output elemgntar
terms of rejection of input voltage disturbances anyo converters, that implements the output voltage
load changes [2]. increasing in arithmetic progression with a simple
These characteristics, of course, should kgyctured have been introduced. These convetsers a
maintained in spite of large input voltage, outpuffectively enhance the voltage transfer gain. €hes
current, and even parameter variations (robustf#ss) converters are widely used in computer peripheral
A classical control approach relies on the statace equipment, switch mode power supply, medical
averagingmethod, which derives an equivalent modedquipments and also industrial applications, esigci
by circuit-averaging all the system variables in for high-voltage projects [11]. Many literaturesvha
switching period [4-6]. From the average model, geported the general design issues of SMC in dc-dc
suitable small signal model is then derived byonverters like buck, cuk, and buck—boost converter



[13-14]. Intensive research in the area of DC-D®pological modes for a period of POELC operation
converter has resulted in novel circuit topologiesl  [11-12]. _ o
these converters in general have complex non-linear!n mode 1 operation, when the switch is ON, the

models with parameter variation in [15]. inductor Ly is charged by the supply voltagg.\At the
same time, the inductor,labsorbs the energy from

Direct regulation/tracking control of the outpulyyrce and the capacitor.Che load is supplied by the

voltage for POELC results in & non-minimum phasgypacitor G, The equivalent circuit of POELC in mode
system and therefore an unstable controller. Aamgit ¢ operation is shown in Fig. 2.

is made to show that controlling the current can

indirectly control the output voltage in converter. T Ver v o+ Ve |
Therefore in this paper, the voltage regulafion S = T -

POELC operated in CCM using SMC is proposed. Tt
state -space average model for POELC is derived +
first and SMC is designed. The detailed discusefon ™=~
hitting, existence and stability conditions of tIC
for POELC is studied in this paper. The performance
of the controller in terms of robustness and dymam
response will be improved by proper selection ef tF
controller gains. Section 2, present the operadioh =

mathematlca_l model of PO_ELC' T.he design of SM@ig. 2. Equivalent circuit of POELC in Mode 1 optéwa.

for POELC is presented in section 3. The design

computation of POELC circuit components and the pyring mode 2 operation, switch is in OFF statel
controller gains is well executed in section 4pence, the curreny,idrawn from the source becomes
Simulation results of system at various regions atro, as shown in Fig. 3. Curreptflows through the
discussed in section 5. The conclusions and futufigewheeling diode D to charge capaciter i@ductor
work of system is discussed in section 6 L, transfers its stored energy to capaciterQurrent
iL> flows through the capacitor,@nd load resistance
R, freewheeling diode D to keep itself continuond a
both currents,i and j, decrease.
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2. Operationsand M athematical M odeling of
POELC

2.1 Operation of POELC

The POELC circuit is shown in Fig. 1. It consists o S
input dc supply voltage;y power switch S (N-channel —
MOSFET), positive luo pump SriC;-D and low pass
filter L,-C,, dduty cycle, load resistance R, average +
output voltage and, average output current. in"—— T

Fig. 3. Equivalent circuit of POELC in Mode 2 opi@a.

Therefore, the voltage transfer gain of POELC in
continuous conduction mode is given by equation (1)

VO :i

v, 1-d
and the average output current is

1)(

Fig. 1. Circuit diagram of POELC

In the description of the converter operatiorg w 1-d
assume that all the components are ideal andhtbatt | ==~ )
POELC operates in a CCM. Figs. 2 and 3 showthetwo ° "



2.2 State Space Averaging M odel following are assumed:
* ideal power switches
The state—space modeling of the equivalent circuit « power supply free of dc ripple
of the positive output elementary luo convertethwit < converter operating at high-switching fregcye
state variablesi, Vcy, il and \¢; as follows [16-17] To require a good output voltage regulation of
POELC, the sliding surface equation in the staesp

[ di I o X o o i EYERYE which is expressed by a linear combination of state
d—;l L —e T variable errorsg, &, egande,) (respective differences
dv 1 i _ Ll_ o] of feedback reference current/voltage and feedback
d—tm ‘a 0 0 0 Vv L, o| current/voltagg)must be selected optimally [18-19].
diLz B 0 0 0 __1 iLZ ' -V Ci:_v y+ 0 . .

dt L, A Ci_z n 0 S( L Ve 'szcz) = Ket Kgt Ket Kg
Nl o Lot 0 ©
L dt | | C, RG, | L |
(3) Where coefficient¥,, K,, Kz and K; are proper
V. =y gains, g; is the feedback current errot; is the
© 4 feedback voltage errat; is feedback current error and
v=A/+By+C ) (4 €4is the feedback voltage error, or
Wherey is the status of the switchesands are the E =iy =T et (7)
vectors of the state variableg (V¢ i1, Vco) and their _
derivatives respectively, €, =Ver ™ Verer (8)
1, S, ON €3 =15 et (9)
V= {O S - OFF ®) =
- O - : €4 =Vea ™ Ve zrer (10)
3. Design of Sliding M ode Controller S(iu,vcr iL2,V02): K{ 7] 160K Ve 1TV 1
In sliding mode theory, the SMC requires semsin K o7 20 K Mo Ve aer
all state variables of POELC and generation oablat
references for each of them [19]. According to (11)

principle of the SMC, capacitors voltagés, andV ¢,
are made to follow as faithfully as possible ast¢o
references. However, the inductor current referésce
difficult to evaluate since that generally depeonds
load power demand supply voltage, and load voltag
To overcome this problem, in implementation théesta
variable errors for the inductor current (1 i1re) and
(iL2 - iLoref) Can be obtained from feedback variabje i
and i, by means of a high-pass filter in the assumptic
that their low-frequency component is automaticall
adapted to actual converter operation. Thus, drdy t
high-frequency component of this variable is neede -
for the control. This high pass filter increases th Velret 'Laref
system order and can heavily alter the converter gig 4. principle scheme of SMC applied to POELC
dynamics. In order to avoid this problem, the diit-o
frequency of the high-pass filter must be suité¥er ~ The signal S (i, Vei i Ves) generated using
than the switching frequency to pass the ripp@t equation (11) while applied to conventional hyssire
switching frequency, but high enough to allow & fasnodulator generates the gate pulses to MOSFET
converter response [19]. _ switch. The resulted control arrangement is shawn i
In the design of the POELC operated in CCM, thejg 4. Status of the switgtis controlled by hysteresis




block H, which aims to minimize the error of vatieth \Vj

i1, Ve, iz, and Veo, Clref
The system response is determined by theitircu L,

parameters and coefficients,K,, Kz and K,. With a i

proper selection of these coefficients in any ojrega — _Liref

condition, high control robustness, stability, dast D C1

response can be achieved. = (15b)
_ Co2ref

3.1 Selection of Control Parameters L,

L2ref __ C2ref

C, RG |

Once the POELC parameters are selected,
inductances LandL, and are designed from specified
input and output current ripples, capacitofatd G

are designed so as to limit the output voltageleijop Substituting equation (13) in equation (ithp
the case of fast and large load variations, andrmanr sliding function can be rewritten in the form

switching frequency is selected from the propose . _ .

converter ratings and switch type. The system kiehav %( ¥=Kix+ Ko+ Kyx+ Ko%= K> (16)

is completely determined by coefficieltg K,, Kzand

K4, which must be selected so as to satisfy existenggherak ™ :[Kl' Kz’K31K4] andx:[xi, %, %, )&]T_

and ensure stability and fast response, even ffge la The existence condition of the slidina mode

supply variations, load variations, set point éwizs . ) . 9

and also components variations. requires that all state trajectories near the sarfze
According to the variable structure system theo directed toward the sliding plane. The controllan c

%nforce the system state to remain near the sliding

the converter equations must be written in th lane by proper operation of the converter switch
following form [18-19]: P y proper op :

To make the system state move toward the
(12)switching surface, it is necessary and sufficiératt t
[19]

Where x represents the vector of state-variables
errors, given by

x= Ax+ By/+ D

S(X<0,if (R>0
S(®>0,if (<0

17)

x=y-\V" (13)

) SMC is obtained by means of the following

is the  feedback control strategy, which relates to theistaf
the switch with the value of S(x):

* . H T
Wheré/ - |:||_1ref 1V Clref 1 I|_2ref 1V Cc2 refj|

vector of references.
By substituting equation (3) in equation (1dne

obtains _10,for S(¥>0 (18)
D=AV +C (14) 1, for S(¥) < 0.
| 0 L 0 0 |
E B ~ The existence condition equation (17) can be
1 'Ll f 0 expressed in the form
e 00 O lv |]g| 8(8=K A« K DO g0 (19)
D= O+
O 0 0 __1 L 2ref O . T
L, 0 S(X=K Ax+ K Br K D>0, $ ¥<0. (20)
1 l | C2ref |
O — 0 — From a simulation or practical point of view,
L Cz RCz assuming that error variablesate suitably smaller

(15a)

than references Yequation (15) and equation (16) can



be rewritten in the form 0, when S+J or

K'D<0,S(X>0 (21) when <0 andl [ &
y(s) = e (25)
1, whens< -9 or

K'B+K'D>0,S(X<0. (22)

whenS>0 andl |5
By substituting matrices &d D in equation (20) and  wheres is an arbitrarily small positive quantity and

equation (21), one obtains 25 is the amount of hysteresis in S(x). The hystsresi
characteristic makes it impossible to switch thetam
Kiy K Kay on the surface S(§ 0. As a consequence, switching

_Por
L ct C Luref L, 2 occurs on the lineS =3, with a frequency depending
K on the slopes ofiandi ,. This hysteresis causes phase
+R—4[i|_2refR—V02ref] <0 plane trajectory oscillations of width2around the
G surface S(xF 0 as shown in Fig. 6. Note that Fig. 5
(23)simply tells us that it function S(x)must increase

from (=5 to8) (S > 0), while inAt; functionS(x) must

K, Ky K,

_A\y, -2 +_3N\ — - _

le'” C, 2 LZ[VIn Vo Vezret! gecrease frométto § (S <0).
K,

+$[IL2refR_VC2ref] >0

(24)+51
The existence condition is satisfied if the in&gies
equation (21) and equation (22) are true.

Finally, it is necessary to guarantee thatiteigned
sliding plane is reached for all initial states.ttie
sliding mode exists, in the system defined by dquoat
(6), it is a sufficient condition that coefficierts Ko,
Kz and K;be nonnegative.

3.2 Switching Frequency

Fig. 6. The waveform of S(x).

F 3

Y ] The switching frequency equation is obtainednfro
Fig.6, by considering that the state trajectory is
invariable, near to the sliding surface S&) and is
given by

0 1
, f=——— (26)
-5 [+ S$(x) ° At +AL

_ o _ WhereAt; is conduction time of the switch S afigd
Fig.5. Switching functiory . is the off time of the switch S. The conductioneaiAt,
is derived from equation (24) and it is given by
In the ideal sliding mode at infinite switching

frequency, state trajectories are directed towhed t . _ 20

sliding surface and move exactly along it. A preaiti ' Kiy Koy v Ky voove 1+ K rov
system cannot switch at infinite frequency. Therfa L " C"Y L M =Ves = Vezrel RCZ[ Lore R Yozl
typical control circuit features a practical relas (27)

indicated in Fig. 5. A practical relay always extsb  The off timeAt, is derived from equation (23), and it
hysteresis modeled by is given by



-20 ripple (switching) is imposed, which is given byp[1

At, =
K K, . K K, .. V
:lVChef _62 II_1.ref _fVCZref +R7C42[| L2refR_ VCZ ref] AVC.I_(t) = Ri%LAtl (34)
1 2
(28)
_ Ve (35)
The maximum switching frequency is obtained AVe (9= RC, Aty

substituting equation (27) and equation (28) in |tisinteresting to note that the switchirgpfuency,
equation (26) in the assumption that the convesterinductor current ripple, and capacitor voltage iépp
operating with non-load (ier= 0,ii2rer= 0 andl/R =0)  depend on the following terms: the control paransete
and the output voltage reference is passing Rjtcuit parameters, reference voltage, output daprac
Maximum \eirer (max @Nd Vezrer( max y ThE Maximum  yoltage \&o(t), pump capacitor voltage Mt), and
switching frequency is obtained as equation (29)  inductor currents.i, ij».

It is important to determine the circuit pasters

K K.V v and coefficients K K, Kz and K, that agree with
s(max) = L 3inlq- n (29) desirable values of maximum inductor current ripple
20L,L, VClref(max) +VC2ref( may maximum capacitor voltage ripple, maximum
switching frequency, stability, and fast respomsany
3.3 Duty Cydle operating condition.

The duty cycle d(t) is defined by the ratéiveeen 4. Design Computation of Circuit Componentsand
the conduction time of the switch &hd the switch ~ Controller Parameters

period time, as represented by ) ) o
The main purpose of this section is to use the
At previously deduced equations to calculate the POELC
1

(30)components value and controllers’ parameters.

d(t)=———
® At +At,

4.1 Calculation of V2
Considering the sliding mode control an

irrllsta_ntaneousI control, the ratio between the omptﬂl_t From equation (28) and a simulation pointiefv,
tcoendli?iggt voltages must satisfy in any workingne oytput voltage is chosen to produce a dutyecycl
' close to 0.75. The adopted value of the outputigelt
vV 1 V,is 36 which is in Table 1, and a variation of dugy
9 = (31)cycle between g, = 0.4 and g = 0.9 is expected.
Vi,  1-d(t) Finally Veomax= 108V.
3.4 Inductor Currents 4.2 Determination of RatioK,/L;and K3/ L,
The high- frequency or maximum inductorent Substituting ¥, Vcoret = Veamax and 8=0.75 in

ripple is obtained from Fig. 2 and given by [15] equation (29), the value of;K L; and K / L, is
obtained as K/ L; and Kz / L, = 15000. There are
A = AV, 30y°0me degrees of freedom in choosing the ratiblK
L1 _T ( )and Ks/ Ly. It is recommendable to choose the ratjo K
/Liand K3/ L,to agree with required levels of stability

A, = M (33)and response speed. The final adopted valug id, K
L, and K/ L,=1200.
3.5 Capacitor Voltages 4.3 Determination of RatioK,/ Ciand K,/ C,
The controller operates over the switcimake From equation (23) and equation (24) anchgki

the capacitors voltagecyY (t) and \&; (t) follow itS  ii1rer = iL1maxy = 2.16A and brer = iiomax = 2.3A, one
reference. Over ¥(t) and \e(t), a high-frequency obtains 12008 K,/ C;< 2848433 and 12008 K,



/ C, <2848433.
There are some degrees of freedom in chotising 4.6 Values of the Coefficients K4, K,, Ksand K4
ratio K, / C,and K, / C.. In this controller, the ratio K
/| C, and K, / C, is a tuning parameter. It is Having decided on the values of the ratid K;
recommendable to choose the ratigG<to agree with and Ks / L, inductor, the value of Kand K; is
required levels of stability and response speed Thnswervingly obtained (}1.2 and K=1.2). Similarly
ratio K, / C, and K, / C, is chosen by iterative the K; and K; (K,-0.8 and K=0.8) is computed using
procedure (i.e. the ratio is modified until thensnt the ratio Kk / Cyand K,/ C, and capacitors {and G.
response is satisfactory), and it is verified by
simulation. The final adopted value is KC;=and K, 5. Simulation Study
/ C,=40000.
The main purpose of this section to discusse about
4.4 Calculation of L; and L, the simulation studies of the POELC with designed
SMC. The validation of the system performance is
The maximum inductor current ripple is cho&®  done for five regions viz. transient region, line
be equal to 15% of maximum inductors current aed tyariations, load variations, steady state regiahaiso
inductors value which is obtained from equation) (3Zomponents variations. The simulations have been

and Eg. (33) ak;and L,=1mH. performed on the POELC circuit with parameterstist
_ in Table 1.
4.5 Calculation of C;and C, The static and dynamic performances of SMC for

POELC are evaluated in MatLab/Simulink software
The maximum capacitor ripple voltaiié.;ms@nd platform. The detailed operation of SMC for POELC
AV omax IS chosen to be equal to 1% maximunis presented in sections 2 and 3.
capacitors voltage and capacitorg @nd C, are
determined using equation (34) and equation (35) as
20uF.

Tablel
Parameters of the POELC.

Parameters name Symbol Value
Voltage Vin 12v
Output Voltage Vo 36V
Inductors L, L, 1ImH
Capacitors C, G 20 pF
Nominal switching frequency Fs 100kHz
Load resistance R 50Q
Output power Po 25.92wW
Input power Pin 25.92W
Input current lin 2.16A
Range of duty ratio d 0.41t00.9

Adopted value of duty ratio d 0.75




5.1 Transient Region

State plane with sliding surfaces
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Fig. 9. System startup in the state plane withirgid

Fig. 7. Response of output voltage of POELC intgtafor faces

various input voltage.

Fig. 9 represents a simulation of the dynamic

. . behavior in the state plane for the input curremd a
for output voltage of POELC for different input teaje output voltage of POELC with designed SMC in

like 5V, 12V and 19V respectively. It can be et sliding surfaces. It can be found that input cur@hn

output voltgge of POELC for Vin :S.V’ 1.2 v, and 19POELC goes up to 2.16 A and output voltage of
V has negligible overshoot and settling times afg). POELC travels up to 36 V without overshoot.

0.04 s and 0.02 s in startup with designed SMC.

Fig. 7 shows the dynamic behavior in thetsgar

5.2 LineVariations
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Fig. 8 shows the dynamic behavior in the staftup
output voltage of POELC for various load resistance
like 10Q, 50Q, and 900 respectively. It can be seen
that output voltage of POELC has slightly overshoot
and settling time of 0.028 s for R = 100 where as
the output voltage of POELC for R = §Dand 90Q
has negligible overshoot and settling times of 03
and 0.17 s in startup with designed SMC.

Fig. 10. Response of output voltage of POELC f@uin
step change from 12V to 15 V.

Fig. 10 shows the response of average outftaneo
of POELC for input voltage step change from 12 V to
15 V (+30% line variations). It can be found thae t
output voltage of POELC has maximum overshoot of 4



V and settling time of 0.038 s with designed SMC.
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Fig. 11. Response of output voltage of POELC fpuin

step change from 12V to 9V. Fig. 13 shows the response of output voltalge o

POELC for load step change 8o 40Q (-20% load
Fig. 11 shows the response of average outd(ﬂriations). It cou_ld be seen that the output \gstaf _
voltage of POELC for input voltage step change frolROELC has maximum overshoot of 3.8 V and settling
12V to 9 V (-30% line variations). It can be fouthat time of 0.038 s with proposed control scheme.
the output voltage of POELC has maximum overshoot _
of 4V and settling time of 0.038 s with designadcs 54 Steady State Region
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Fig. 12. Response of output voltage of POELC wioail |
value takes a step changes fror %0 60Q. Fig. 14 shows the instantaneous output voltage a

_ inductor current iy of POELC with proposed control

Fig. 12 shows the response of output voltage gfheme in steady state region. It is evident froen t
POELC for load step change 8o 60 (+20% load  figure that the output voltage ripple is very sroali3V
variations). It could be seen that the output \getaf and peak-to-peak inductor current ripple is 0.1®RA

POELC has maXi.mum overshoot of 3.8 V and Settlirl%e average Switching frequency (100 kHz) closer to
time of 0.038 s with proposed control scheme. theoretical designed value listedTiable 1.



5.5 Components Variation values 20pF to 50uF. It can be seen that the SMC is
very successful in suppressing effect of capadtanc

45 —_— . -
A variation except that a negligible output voltage
40 ripples.
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3 n.i12 n_;14 0_515 n_iw 7 Fig. 18. Simulated measured average output voltifge
POELC at Vin =12 V and load R =Q040Q

Time (s) and 5@ for different hysteresis band settings.
Fig. 16.0utput voltage when capacitors;(&C,) variation
from 20 pF to 50 pF. Fig.17 shows the average input current and output

current of POELC with proposed control scheme
Fig. 15shows the output voltage of POELC with'eSpectively. It is showed that the average input

proposed control scheme for inductor variation frofiUITént is 2.16A and average output current is &, 72
which is very closer to theoretical valueTiable 1.

. . 2. ‘ﬁsing simulation analysis the POELC with hysteresis
not !nfluence the converter behaviour due to piefit e pased SMC computes that the input and output
design of SMC. power values are 25.92W and 25.92W respectively,

An interesting result is illustrated in Fig6.1 It which is very closer to the calculated theoreticdlie
shows the output voltage response of POELC wilfsted inTable 1.

proposed control scheme for the variation in capaci
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evaluation of current/voltage profiles of POELCnggi
SMC versus PI controller. From this figures itlesacly
identified that the simulated results of the destyn
SMC are showed better performance over the PI
controller under line and load disturbances indtea
state operating region.
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POELC for different input voltage R
g
Figs. 18 and 19 shows the graphs of simulat | § 2
measured average output voltage and avera 1
switching frequency of POELC against hysteresigibal 0 -
for load resistances R = 1Q, 40 Q, and 50Q Pl centroller SMe
respectively. From the figure, the average outp .
voltage is lower with lower load resistance, an
average switching frequency is notably higher wit | °®
lower load resistance with designed SMC. nos
The simulated measured average output volthge | £ 0o Sy
POELC for input voltage range 6V to 19V is plotled | £ oo =il Tiee ()
Fig. 20. It can be found that the average outpliage 002
increase with increasing input voltage with desene -
SMC. Specifically, output voltage deviation of PGEL o
is 0.1 V for the entire input voltage range. lconroller ame

A Proportional-Integral (PI) controller withtiags

K, =0.0112 and == 0.0113s obtained by the Ziegler+ig.22. Time domain performances evaluation of POEL
Nichols tuning technique [20] has been used for using SMC versus Pl controller underd

comparison with the designed SMEigs. 21 and 22

disturbances in steady state opera&gn.

show the simulated time domain performances



6. Conclusions Electronics Society, IEEE 2002 28th Annual
ConferenceVo1l.4, pp.2933 -2938. Nov002.
Switched mode DC-DC power converters are us¢s] Twg-Li Tai, Jim-Shiaag ChedJPS inverter design
in variety of electric power supply systems, inahgd using discrete-time sliding-mode control schelBEE

cars, ships, aircrafts, high voltage projects and Transactions on Industrial Electronit®1.49, pp.67-
computers. Powalectronic converters are intrinsically 75 Feb2002.

periodic time-variant structure systems due tortheio]E. Santi, A. Monti, D. Li, K. Proddutur, R.A. Douga
inherent switching operation, so the sliding mode “synergetic control for dc-dc boost converter:

control approach is a strong candidate methodhrt  jnpjementation options IEEE Trans. Industry

converter controller design. _ Applications, VoI39, No. 6, pp. 1803- 1813, Nov-Dec
The design and output voltage regulation of SbC 2003.

POELC operated in CCM has been successfully1]F.L.Luo and H.YeAnalysis of Luo convertersEE
demonstrated in this paper. A SMC over the output Proc.-Electr. Power Appl., Vol.151, No.5, pp.596B60
capacitor voltage and inductor current has beed use September 2004.
for the control. The influence of the control paedens [12]LUO F.L., Luo converters — voltage lift technique
on the performances of the system was studied. The Proceedings of the IEEE Power Electronics special
effect of proper selected controller parameters of conference IEEE-PESC'98, Fukuoka, Japan, 17-22,
sliding mode controlled POELC operated in CCM, _ May- 193_8' pp. 1783-1789. i and .
resulted in fast dynamic response and excelleticsta ) Matavelli, L. Rossetto, G. Spiazzi and P.Tent,
. ) General purpose sliding mode controller for dc- dc
and transient responses over the conventional . ciar applications in Proc. IEEE Power
controller. Itis, therefore, feasible for commo6IDC Electronics Specialist Conf (PESC), June Records.
conversion purpose, computer power supplies and 1993, pp.609-615.
medical equipments etc. Further research may fiscug14] Siew-chong Tan, Y.M.Lai and Chi K. Ts&eneral
the study the experimental set-up of the proposed design issues of sliding mode controllers in DC-DC

system. converters|EEE Transaction on Industrial Electronics,
Vol.55, No.3, March. 1993, pp.1160-1174.
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