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5.1 ROBUST CONTROL OF ISLANDED DC MICROGRIDWITH COMPOSITE LOAD
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Figure 5.1 : PV based microgrid in island mode: (a) Schematic diagram; (b) Circuit diagram

(a) Model of PV array

I sc

I d

Rs

Rp

+

_

I cell

Vcell

Rload

Figure 5.2 : Equivalent circuit of a PV cell

Icell Vcell

Icell = Isc− Id [exp(
Vcell + IcellRs

VT
)−1]− Vcell + IcellRs

Rp

Vcell =Vd + IcellRs

Isc Id Vd
Rp Rs

VT

VT =
kT
qQd

k T q
Qd

ncell Vmodule= ncellVcell
Icell nseries
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nparallel

IPV = Icellnparallel
Isat,PV = Isatnparallel
VPV = VTnseries

Rs,PV = Rs
nsereis
nparallel

Rp,PV = Rp
nsereis
nparallel

Ipv Isat,PV Vpv Rs,PV Rp,PV

(b) Model of interfacing converters and load

vC
iL j iLbdc

diL j
dt

=
Vpv, j

L j
− (1−uj)

L j
vC

diLbdc
dt

=
Vbat
Lbdc

− uLbdc
Lbdc

vC

dvC
dt

=
1
Ceq

n

∑
j=1

(1−uj)iL j +
1
Ceq

ubdciLbdc−
1
Ceq

(
n

∑
j=1

io j± ibdc); j = 1...n

j u j ∈ {0,1} VPV, j L j Cj iL j
PV

jth ubdc ∈ {0,1} Vbat Lbdc Cbdc iLbdc

Ceq=Cbdc +C1 +C2 + .....+Cn

vCbdc = vC1 = vC2 = ......= vCn = vC iload
∑n

j=1 io j± ibdc

iload =
vC
RL

+ iconst +
P
vC

RL iconst
P

RESs
RESs
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RESs

vCre f , j = vdc,re f − ji
j

o j

vCre f , j jth vdc,re f
io j jth

j =
vdc,re f −VL

Imax, j

Imax, j jth VL
Rd

Rd, j =
vCre f , j
io j

=
− (vdc,re f −VL)

Imax, j
i −1
o j

Rmax
d, j

j =
Rmax
d, j .Imax, j

vdc,re f −VL

5.1.2 Sliding Mode Control Design

D(t)

(a) Control design for RES interfacing converters
jth RES

diL j
dt

=
Vpv, j

L j
− û j

L j
vC

dvC
dt

=
û j

Ceq
iL j−

io j
Ceq

+
Dj

Ceq

dDj

dt
= j(vC− vCre f , j)

Dj = j
�

(vC − vCre f , j)dt; > 0 û j = 1− uj io j jth

jth io j

io j = b jiload;
n

∑
j=1

b j±bbdc = 1

bj jth RES bbdc
BDC

Switching function:

jth RES s j

s j := (iL j− iLre f , j) + 1 j(vC− vCre f , j) + 2 jD j
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iLre f , j vCre f , j
jth 1 j, and 2 j

(iL j− iLre f , j)
Control law: s

s = 0

ṡ j =− j s j−Qj sgn(s j)

> 0 Q> 0
û

jth

û j(t) =
js j +Qjsgn(s j) + 1 jD j

Ceq
+

Vpv, j
L j

+ 2 j j(vC− vCre f , j)− 1 j io j
Ceq

1
L j
vC− 1 j

Ceq
iL j

s = 0 s = 0 vCre f , j

RES

-

2j

2j

(.)
ξ

j

β
1j

Ceq
β
1j

Ceq

HP F

x
PWM Gen.

(i -i )Lj Lref,j

÷
-

-

-

Lj

(v - v )C Cref,j

v
C

vCref,j

vC

iLj

Ioj

DC-DC
Boost Converter

DC Bus

vdc,ref

1j

Figure 5.3 : The proposed sliding mode controller for jth RES converter
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(b) Control design for BDC

diLbdc
dt

=
Vbat
Lbdc

− ubdc
Lbdc

vC

dvC
dt

=
ubdc
Ceq

iLbdc−
ibdc
Ceq

+
Dbdc

Ceq

dDbdc

dt
= bdc(vC− vCre f ,bdc)

Dbdc = bdc
�

(vC− vCre f ,bdc)dt; bdc > 0 ibdc

Switching function: BDC

sbdc := (iLbdc− iLre f ,bdc) + 1(vC−VCre f ,bdc) + 2Dbdc

iLre f ,bdc vCre f ,bdc
1 and 2

iLre f ,bdc

SoC

iLre f ,bdc =− 100
SoC

Ic,min (charging mode)

iLre f ,bdc =
SoC
100

Id,max (discharging mode)

Ic,min Id,max

Control law:

˙sbdc =− bdc sbdc−Qbdc sgn(sbdc)

bdc > 0 Qbdc > 0

ubdc

ubdc(t) =
− bdcsbdc−Qbdcsgn(sbdc)− Vbat

Lbdc
− 2 bdc(vC− vCre f ,bdc) + 1ibdc

Ceq

1
Ceq

iLbdc− 1
Ceq

vCbdc

5.1.3 Existence of Sliding Mode and Stability of Switching Surface

(a) Stability of the switching surface
s = 0
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s = 0 s = 0

s j := (iL j− iLre f , j) + 1 j(vC−VCre f , j) + 2 jD j = 0

sbdc := (iLbdc− iLre f ,bdc) + 1(vC− vCre f ,bdc) + 2Dbdc = 0

Dj Dbdc jth RES BDC

s j = 0 sbdc = 0 iL j iLbdc

iL j =− 1 j(vC− vCre f , j)− 2 jD j + iLre f , j
iLbdc =− 1(vC− vCre f ,bdc)− 2Dbdc + iLre f ,bdc
dvC
dt

=
1
Ceq

n

∑
j=1

(1−u j)iL j +
1
Ceq

ubdciLbdc−
iload
Ceq

dDj

dt
= j(vC− vCre f , j)

dDbdc

dt
= bdc(vC− vCre f ,bdc)

iLi iLbdc

Ceq
dvC
dt

+
n

∑
j=1

1 j(1−u j)(vC− vdc,re f + ji
j

o j) +
n

∑
j=1

2 j(1−u j)Dj−
n

∑
j=1

(1−u j)iLre f , j

+ 1ubdc(vC− vCre f ,bdc) + 2ubdcDbdc−ubdciLre f ,bdc + iload = 0

Ceq
d2vC
dt2

+
n

∑
j=1

1 j(1−u j)
dvC
dt

+
n

∑
j=1

1 j(1−uj) j
di j

o j

dt
+ 1ubdc

dvC
dt

+
diload
dt

+
n

∑
j=1

2 j(1−u j) jvC + 2ubdc bdcvC +
n

∑
j=1

2 j(1−u j) j ji
j

o j

=
n

∑
j=1

2 j(1−u j)vdc,re f + 2ubdcvCre f ,bdc

jth

Ceq
d2vC
dt2

+
n

∑
j=1

1 j(1−u j)
dvC
dt

+
n

∑
j=1

1 j(1−uj) jb
j
j
di j

load
dt

+ 1ubdc
dvC
dt

+
diload
dt

+
n

∑
j=1

2 j(1−u j) jvC + 2ubdc bdcvC +
n

∑
j=1

2 j(1−u j) j jb
j
j i

j
load

=
n

∑
j=1

2 j(1−u j)vdc,re f + 2ubdcvCre f ,bdc

iload(vC)

iload ≈
iload
vC

vC

diload
dt

≈ iload
dvC

dvC
dt
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= 1

Ceq
d2vC
dt2

+(
n

∑
j=1

1 j(1−u j) +
n

∑
j=1

1 j(1−u j) jb j
iload
vC

+ 1ubdc +
iload
vC

)
dvC
dt

+ (
n

∑
j=1

2 j(1−uj) j + 2ubdc bdc +
n

∑
j=1

2 j(1−uj) j jb j
iload
vC

)vC

=
n

∑
j=1

2 j(1−uj)vdc,re f + 2ubdcvCre f ,bdc

Ceq
d2vC
dt2

+F1
dvC
dt

+F2vC = F3

where,

F1 = 1ubdc +
n

∑
j=1

1 j(1−u j) +(1+
n

∑
j=1

1 j(1−u j) jb j)
iload
vC

F2 = 2ubdc bdc +
n

∑
j=1

2 j(1−u j) j +
n

∑
j=1

2 j(1−u j) j jb j
iload
vC

F3 =
n

∑
j=1

2 j(1−uj)vdc.re f + 2ubdcvCre f ,bdc

s = 0

F1 > 0

F2 > 0

Stability conditions for composite (RIP) load profile:

1 j = 1; 2 j = 2; 3 j = 3; j =

j = ; j = ; b j = b =
1
n
; f or j = 1,2,3....n

F1 = 1ubdc + 1

n

∑
j=1

(1−uj) +(1+ 1 b
n

∑
j=1

(1−u j))
iload
vC

F2 = 2ubdc bdc + 2

n

∑
j=1

(1−uj) + 2 b
n

∑
j=1

(1−u j)
iload
vC

iload
vC

=
1
RL
− P

v2
dc,re f

1ubdc + 1

n

∑
j=1

(1−u j) +(1+ 1 b
n

∑
j=1

(1−uj))(
1
RL
− P
V 2
dc,re f

)> 0

2ubdc bdc + 2

n

∑
j=1

(1−uj) + 2 b
n

∑
j=1

(1−u j)(
1
RL
− P
V 2
dc,re f

)> 0
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K1 :=
1ubdc + 1∑n

j=1(1−uj)

1+ 1 b∑n
j=1(1−uj)

K2 :=
2ubdc bdc + 2 ∑n

j=1(1−uj)

2 b∑n
j=1(1−uj)

P
v2
dc,re f

− 1
RL
< K1

P
v2
dc,re f

− 1
RL
< K2

P
v2
dc,re f

− 1
RL
< K; where K = Min{K1,K2}

P< v2
dc,re f (

1
RL

+K); or P−PRL < v2
dc,re f K

PRL

K
ubdc = 0 u j = 1

P
v2dc,re f
RL

Remark

PCPL < PCVL

(b) Existence of sliding mode
s = 0

sT ṡ<− |s| > 0

5.1.4 Real-time Simulation Studies
PV

n = 3
MATLAB/SIMULINKTM

ORDS

RL = 300 Ω iconst = 1 A 2.5 A t = 0.3 s P = 400 W
1000 W t = 0.5 sec

L1 = 1 mH, L2 = 1.1L1, L3 = 0.9L1 1
RES RL = 300 Ω
iconst = 1 A P = 400 W
RL = 300 Ω iconst = 1 A 5 A t = 0.3 s P= 400W

2000 W t = 0.5 s
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Table 5.1 : Islanded dcmicrogrid with composite load: System specifications and controller param-
eters

8 kW Vdc,re f 300 V
Vth 295 V Cbus 2000 F

Pmax1,Pmax2,Pmax3 1900 W Isc1, Isc2, Isc1 17.2 A
Voc1,Voc2,Voc3 183.6 V

P1,P2,P3 2 kW L1,L2,L3 1 mH
rL1,rL2,rL3 0.005 Ω C1,C2,C3 47 F
Pbdc 2 kW Lbdc, rLbdc,Cbdc 2.2 mH,5 mΩ,47 F

RL 300 Ω P 400 W
Iconst 1 A

11, 12, 13 30 21, 22, 23 2
1, 2, 3 0.7 1, 2, 3 1.33
1, 2, 3 40 Q1,Q2,Q3 10000
1 0.005 2 2
bdc 10000 Qbdc 10000
1, 2, 3 1800 bdc 1800

Figure 5.4 : I-V and P-V plots of BP Solar SX3190 PV modules used in the study

PV
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Figure 5.5 : Solar irradiance (S) patterns for three PV arrays used in the study
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Figure 5.6 : Real-time simulation results under Operating Condition-1: (a) dc bus voltage; (b) Out-
put currents of RES interfacing converters; (c) BDC current; and (d) Voltages of the
PV arrays
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Figure 5.7 : Real-time simulation results under Operating Condition-2: (a) dc bus voltage; (b) Out-
put currents of RES interfacing converters; (c) BDC current; and (d) Voltages of the
PV arrays
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Figure 5.8 : Real-time simulation results under Operating Condition-3: (a) dc bus voltage; (b) Out-
put currents of RES interfacing converters; (c) BDC current; and (d) Voltages of the
PV arrays
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Figure 5.9 : Real-time simulation results under Operating Condition-4: (a) dc bus voltage; (b) Out-
put currents of RES interfacing converters; (c) BDC current; and (d) Voltages of the
PV arrays

3.8 kW 1.66%

5.2 ROBUST CONTROL OF PROTOTYPE PV BASED DC MICROGRID
PV DCMG CPL

SMC
PV ESU

CPL

5.2.1 Test System and its Operating Modes

PV RESs 380 V
RESs

BDC
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PV

CPL CPLs

BDC

BDC SoC
BDC

DC/DC
Converter

DC/DC
Converter

DC/DC
Converter

R

PV Array-1

PV Array-2

Low Bandwidth
Communication Channel CPL-1: Voltage Regulator

CPL-2: DC/AC Inverter Drive

RL

Resistive Load

Battery Bank

RES converter-1

RES converter-2

i o1

i o2

Vpv1

Vpv2

L1

L2

C1

C2 Vbat

vC

Bidirectional DC-DC converter
i bdc

C3 C4

L3

Load

uc

ud

i batS3

S4

i load

Figure 5.10 : Laboratory prototype of PV based dc microgrid: (a) Schematic diagram; (b) Circuit
diagram

(a) Charging/discharging algorithm
BDC BDC
SoC

5% (380 V ) RES
SoC ≥ 50% BDC

SoC
50% BDC

BDC

SoC
BDC

SoC
SoC 50%≤
SoC < 80% CC SoC 80%

CV
SoC 95% SoC

FC Vf loat
BDC
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START

V 365Vbus ≥

SoC 50%≥

ChargeDischarge

50% SoC 80%≤ ≤

CC Mode
CV Mode

SoC 95%≥

NO

YES

YES NO

Nominal dc bus voltage=380V

SoC=100%

Standby

SoC=100%

SoC 50%<

NO

NO

YES

YES

NO

YES

Float Mode

YES

NO

YES

Figure 5.11 : Flow-chart of charging/discharging algorithm for bidirectional dc/dc converter

Table 5.2 : Different modes of operation of bidirectional dc/dc converter

Vbus %SoC
≥ 365V ≥ 50
≥ 365V 50≤ SoC < 80
≥ 365V 80≤ SoC < 95
≥ 365V ≥ 95
< 365V ≥ 50
< 365V < 50

(b) System operating modes
RESs

SoC

Mode I: Normal operating mode
RESs

ESU RES
BDC

SoC
Vth = 0.96vdc,re f

Vth RES
Vth

Mode II: Voltage regulation mode
RES

BDC
RES

DoD
SoC< 50%
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5.2.2 Mathematical Modeling of Island DC Microgrid

RES BDC

(a) Load modeling

iLoad(t) =
vbus(t)
RL

+
P

vbus(t)
; ∀ vbus(t)>

P CPL RL

(b) Modeling of RES interfacing converters

vC iL j

diL j
dt

=
Vpv, j
L j
− (1−u j)

Lj
vC; j = 1,2

dvC
dt

= 1
Ceq
∑2

j=1(1−uj)i j− io j
Ceq

u j ∈ {0,1} VPV, j L j iL j
jth RES vC

vbus = vC1 = vC2 = vC3
Ceq=C1 +C2 +C3 +Cbus (additional bus capacitance, i f any)

RESs

RES SMCs
jth RES D(t)

diL j
dt

=
Vpv j

L j
− û j

L j
vC

dvC
dt

=
iL j
Ceq

û j−
io j
Ceq

+
Dj

Ceq

dDj

dt
= j(vC− vCre f , j)

Dj = j
�

(vC−vCre f , j)dt; > 0 û j = 1−u j i0 j jth RES
jth RES

io j = b jiload; such that
2

∑
j=1

b j±bbdc = 1

b j jth bbdc

(c) Modeling of bidirectional converter
BDC

Charging Mode: BDC
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diL3

dt
=

Vbus
L3

uc−
vC4

L3
dvC4

dt
=

iL3

C4
− ibat

C4

iL3 vC4 (C4) Vbus
ibat

Discharging mode: BDC

diL3

dt
=

Vbat
L3
− (1−ud)

vC
L3

dvC
dt

=
iL3

C3
(1−ud)− ibdc

C3

vC (C3) Vbat ibdc
BDC L3 C3 C4 BDC

uc ud ∈ {0, 1}
iL3,vC,vC4 ∈Ω Ω R3

iL3,vC,vC4 ∈Ω⊆ R3 \{0}

5.2.3 Sliding Mode Control Design
RES BDC SMC

PWM
RES

BDC

(a) Control resign for RES interfacing converters
SMC RES RES

Switching function:

s j jth

s j := 1 j(vC− vCre f , j) + 2 j(iL j− iLre f , j) + 3 jD j

iLre f , j jth 1 j, 2 j, and 3 j

(iL j− iLre f , j)
Control law: s

s = 0

ṡ j =− js j−Qjsgn(s j)

j > 0 Qj > 0

sT ṡ<− |s|; > 0
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ˆu(t)

û j(t) =
js j +Qjsgn(s j) + 1 jD j

Ceq
+ 2 jVpv, j

L j

2 j
L j
vC− 1 j

Ceq
iL j

+
3 j j(vC− vCre f , j)− 1 j io j

Ceq

2 j
L j
vC− 1 j

Ceq
iL j

s = 0 s = 0
vCre f , j

(b) Control design for BDC

Switching function:
BDC

sc,cc f = c,cc f (iL3− iLre f ,3) +Dc

sc,cv = iL3vC4− iLre f ,3vCre f ,4 + c,cv(vC4− vCre f ,4) +Dc

sd = iL3vC− iLre f ,3vCre f + d(vC− vCre f ) +Dd

Dc = c
�

(vC4−vCre f ,4)dt; c > 0 Dd = d
�

(vC−vCre f )dt; d > 0

iLre f ,3
vCre f ,4 vCre f ,3

c,cc f , c,cv

d
Control law:

s = 0
PWM BDC

ṡ3 =− 3s3−Q3sgn(s3)

3, Q3 > 0 s3 (sc,cc f , sc,cv and sd)
BDC

sT ṡ<− |s|; > 0
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Dc Dd
uc,cc f

uc,cc f =
vC4

Vbus
+
−L3( 3sc,cc f +Q3sgn(sc,cc f ) + c(vC4− vCre f ,4))

c,cc fVbus

uc,cv

uc,cv =
vC4

Vbus
− L3(iL3 + c,cv)(iL3− ibat +Dc)

C3vC4Vbus
...

...+
−L3( 3sc,cv +Q3sgn(sc,cv))+ c(vC4− vCre f ,4)

vC4Vbus
ud

ud =
C3(v2

C− vCVbat)−L3(iL3 + d)(iL3− ibdc +Dd)

C3v2
C−L3iL3(iL3 + d)

...

...+
−C3L2

3( 3sd +Q3sgn(sd))+ d(vC− vCre f ,3)
C3v2

C−L3iL3(iL3 + d)

PWM

5.2.4 Stability on Switching Surface
s = 0

RES BDC

(a) Stability of RES Interfacing Converters on Switching Surface
s1 = 0

iL1 =− 11

21
(vC− vCre f ,1)− 31

21
D1 + iLre f ,1

dvC
dt

=
û1

Ceq
iL1−

io1
Ceq

dD1

dt
= 1(vC− vCre f ,1)

iL1

Ceq
dvC
dt

+
11

21
û1(vC− vdc,re f + 1i 1

o1) +
31

21
û1 1



(vC− vdc,re f + 1i 1

o1)dt...

...− iLre f ,1 + io1 = 0

io1

Ceq
d2vC
dt2

+
11

21
û1

dvC
dt

+
11

21
û1 1b 1

1
di 1

load
dt

+
31

21
û1 1vC− ...

...
31

21
û1 1vdc,re f +

31

21
û1 1 1b 1

1 i 1
load +b1

diload
dt

= 0
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iload(vC)

iload ≈
iload
vC

vC

diload
dt

≈ iload
dvC

dvC
dt

= 1

Ceq
d2vC
dt2

+(
11

21
û1 +

11

21
û1 1b1

iload
vC

+b1
iload
vC

)
dvC
dt
...

...+(
31

21
û1 1 +

31

21
û1 1 1b1

iload
vC

)vC =
31

21
û1 1vdc,re f

s = 0

11

21
û1 +(b1 +

11

21
û1 1b1)

iload
vC

> 0

31

21
û1 1 +

31

21
û1 1 1b1

iload
vC

> 0

iload
vC

=
1
RL
− P

v2
dc,re f

vdc,re f

11

21
û1 +(b1 +

11

21
û1 1b1)(

1
RL
− P

v2
dc,re f

)> 0

31

21
û1 1 +

31

21
û1 1 1b1(

1
RL
− P

v2
dc,re f

)> 0

K1 := 11û1

21b1 + 11û1 1b1
; and K2 :=

1

1b1

P
v2
dc,re f

− 1
RL
< K1; and

P
v2
dc,re f

− 1
RL
< K2

P
v2
dc,re f

− 1
RL
< K; where K = Min{K1,K2}

P< v2
dc,re f (

1
RL

+K)

CPL
K

û1 = 0 u1 = 1)

CPL
RES
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(b) Stability of BDC on Switching Surface

sc,cc f = 0

iL3 =− 1

c,cc f
Dc + iLre f ,1

dvC4

dt
=

1
C4

iL3−
ibdc
C4

dDc

dt
= c(vC4− vCre f ,4)

ibat ibdc
ibat ibdc

BDC CC

Ceq
d2vC4

dt2
+bbdc

iload
vC

+
c

c,cc f
vC4 =

c

c,cc f
vCre f ,4

s = 0

bbdc
iload
vC

> 0

c

c,cc f
> 0

CC

iload
vC

= 0

c

c,cc f
> 0

BDC CC c c,cc f

CV BDC

CPL
CPL BDC

CV

5.2.5 Simulation Studies and Experimental Results
SMC

DCMG

(a) Simulation studies

800 W/m2 PV
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Table 5.3 : Specifications and controller parameters of realized dc microgrid

Voc = 187.8 V Isc = 6.54 A Pmax = 760 W
C1 C2 C3 C4 47 F
L1 L2 L3 2.2 mH

10 12 V 26 Ah
R CPL−1 CPL−2 512 Ω 300 W 585 W

Vdc,re f 380 V
1 2 3 100 400 10
1 Q1 2000 0.2
1 = 2 1 = 2 0.7 1.33
c,cc f c,cv d 1290 1000 27x104

c d 3000 2000 2000
2 Q2 2500 3x105

Cbus 2000 F
fs 25 kHz

RL = 512 Ω
585 W 300 W t = 0.25 s

363 V 362.4 V
4.6 % t = 0.25 s

Vpv1 Vpv2 Vbat 152.75 V 130.5 V
t = 0.25 s RES

BDC
t = 0.25 s

BDC RES

RES BDC

t = 0.25 s

(b) Experimental validation

PV 760 W
BDC 120 V, 26 Ah

Constant Resistance
constant power load

ORDS ORDS
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Figure 5.12 : Simulation results with the proposed SMC: System feeding a mixed load (resistive +
CPL-2) with BDC in discharging mode, and CPL-1 is switched on at t = 0.25 s; (a) Vbus,
Vpv1, Vpv2, and Vbat ; (b) I01, I02, Ibdc, and Ibat ; (c) IL1, IL2, and IL3; (d) IR, ICPL−1 and
ICPL−2

ORDS
Signal Display on DPO

Supply from rooftop PV arrays
Supply from battery bank

Battery bank

Bidirectional Converter

Boost Converter‐2

Boost Converter‐1

DC bus capacitors

Programmable DC load

DC Bus

Inverter Drive (CPL‐2)

Figure 5.13 : An image of the experimental setup of islanded dc microgrid

118



±16 V ORDS
MATLAB/SIMULINKTM

MATLAB/SIMULINKTM

10 s
ORDS

Table 5.4 : Scaling factors to determine actual values of the variables

Vbus, Vpv1, Vpv2, and Vbat

RL = 508 Ω
RL = 508 Ω 300 W

RL = 508 Ω 300 W

RL = 508 Ω 200 W

RL = 508 Ω
300 W

V =             (scale:1V/div.)bus

V =7.439V (scale:2V/div.)pv2

V =7.570 (scale:2V/div.)pv1

9.392

I =498.7mA (scale:500mA/div.)01

I =488.7mA (scale:500mA/div.)02

I =‐973.3mA (scale:500mA/div.)
bdc

Figure 5.14 : Experimental results with the proposed SMC corresponding to the Operating Condi-
tion 1: (a)Vbus,Vpv1, andVpv2; (b) I01, I02, and Ibdc

375.68 V (voltage regulation= 1.14 %)
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155 V 148.78 V
RES 973.3 mA BDC

RES 10 mA

369.64 V (voltage regulation = 2.73 %) 141 V
145.34 V RES

561.5 mA BDC
RES 3.5 mA

V =9.241V(scale:1V/div.)bus

V =7.267V(scale:2V/div.)pv2

V =7.035V(scale:2V/div.)pv1

I =633.6mA (scale:500mA/div.)01

I =630.1mA (scale:500mA/div.)02

I =‐561.5mA (scale:500mA/div.)bdc

Figure 5.15 : Experimental results with the proposed SMC corresponding to the Operating Condi-
tion 2: (a)Vbus,Vpv1, andVpv2; (b) I01, I02, and Ibdc

372.4 (voltage regulation = 2 %)
PV 145.6 V 146.4 V RES

BDC

366 V (voltage regulation = 3.6 %)

364.8 V (voltage regulation= 4%)

I01, I02 Ibdc

< 5 %
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V =9.31V(scale:2V/div.)bus

V =7.32V(scale:5V/div.)pv2

V =7.28V(scale:5V/div.)pv1 I =715.9mA (scale:1A/div.)01

I =778.2mA (scale:1A/div.)02

I =‐1.913A (scale:1A/div.)bdc

I =1.44A (scale:2A/div.)L2

I =1.42A (scale:2A/div.)L1
I =‐1.85A(scale:1A/div.)bat

V =7.79V(scale:2V/div.)bat

Figure 5.16 : Experimental results with the proposed SMC corresponding to the Operating Condi-
tion 3: (a) Vpv1, Vpv2, and Vbat ; (b) Vbus, I01, I02, and Ibdc; (c) IL1 and IL2; (d) Vbat and
Ibat

V =7.167V(scale=2V/div.)pv2

V =7.492V(scale=2V/div.)pv1

V =8.515V(scale=2V/div.)bat

I =575.6mA (scale:500mA/div.)
01

I =552.6mA (scale:500mA/div.)
02

I =‐21.49mA (scale:500mA/div.)bdc

V =9.15V(scale:2V/div.)bus

Figure 5.17 : Experimental results with the proposed SMC corresponding to the Operating Condi-
tion 4: (a)Vpv1,Vpv2, andVbat ; (b)Vbus, I01, I02, and Ibdc
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V =9.12V(scale=2V/div.)
bus

I =647mA(scale=1A/div.)
01

I =622mA(scale=1A/div.)
02

I =1.46A(scale=1A/div.)
bdc

Resistive+C P L‐2
Resistive+C P L‐1+CPL‐2

C P L‐1 of 300W switched on

Figure 5.18 : Experimental results with the proposed SMC corresponding to the Operating Condi-
tion 5: Dynamic response of (Vbus, I01,I02, and Ibdc)

5.3 SUMMARY

5%
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