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4.1 MITIGATION OF THE DESTABILIZING EFFECTS OF CPL IN BUCK-BOOST CONVERTER
CPL
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4.1.1 Mathematical Modeling of Converter Supplying Composite Load
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Figure 4.1 : Circuit diagram of dc/dc buck-boost converter feeding a composite load
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4.1.2 Sliding Mode Control Design
SMC

(a) Switching function

s := 1(iL− iLre f )+ 2(vC− vCre f )+ 3 (vC− vCre f )dt
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Figure 4.2 : The proposed sliding mode control scheme for buck-boost converter system

(c) Existence of sliding mode
sT ṡ<− |s|;

(d) Stability of the system at the switching surface
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4.1.3 Real-time Simulation Studies
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(a) Real-time simulation studies in boost mode

−380 V

4 ms
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Table 4.1 : Parameters of buck-boost converter and the proposed SMC

1 kW
L 2 mH
C 47 F

1, 2, 3 1, −50 ,−10000
2000

Q 0.5
E 220 V
R 100 Ω

P 200 W
iconst 0.5 A

0.00015
fs 25 kHz

Figure 4.3 : An image of OPAL-RT digital simulator used for real-time simulation studies
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Figure 4.4 : Boost Mode: Start-up and steady state responses

(b) Real-time simulation studies in buck mode
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Figure 4.5 : Boost Mode: Transient s corresponding to 30% decrease in E at t = 0.4 s
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rent component of the load at t = 0.8 s
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Figure 4.8 : Buck Mode: Start-up and steady state responses
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Figure 4.9 : Buck Mode: Transient responses corresponding to 30% decrease in E at t = 0.4 s

84



0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
−130

−120

−110

−100

−90

−80

−70

−60

−50

V
o

lt
a
g

e
 [
V

]

V
ref

V
o

0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
−10

−5

0

5

10

15

Time (s)

C
u

rr
e

n
t 

[A
]

I
L

I
load

0.78 0.8 0.82 0.84

−122

−120

−118

Figure 4.10 : BuckMode: Transient responses corresponding to 100% increase in the constant cur-
rent component of the load at t = 0.8 s
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Figure 4.11 : Buck Mode: Transient responses corresponding to 100% increase in CPL at t = 1.2 s
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4.2.1 Modeling of Bidirectional DC/DC Converter
RESs DCMG

PS
P

BDC

CPL
Pn PS P
|PS| ≥ |P|=⇒ Pn ≤ 0

BDC
|PS| ≤ |P| =⇒ Pn ≥ 0

(VI = K)
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DC‐DC Bidirec!onal

converter

(Charging/

Discharging unit)

DC/DC

Boost

converter

DC/DC

Boost

converter
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Boost

converter

PV Array

PV Array

Vbus IL
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POL

converter
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P =P +Pn S

Figure 4.12 : Schematic diagram of a typical isolated dc microgrid

Req

Figure 4.13 : Equivalent circuit of dc microgrid with bidirectional dc/dc converter

BDC Q1 Q2
Q1 Q2 u
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Figure 4.14 : Operation of a BDC during charging and discharging mode

CVL DCMG Pn

ibus =
vC
RL

+
Pn
vC

;

ibus = iCPL+ iCVL and Req =
vC
ibus

Pn = PS+P RL

CVL iCPL CPL iCVL
Req vC

LdiL
dt =Vbat − rLiL−uvC

CdvC
dt = uiL− vC

RL
− Pn

vc

L
C

Vbat rL
BDC iL vC

iL
vc

=
C
LVbat 0
0 Vbat

x
y

and =
t√
LC

dx
d

= 1−Qx−uy

dy
d

= ux−My− N
y

J = C
L rL ∈ R+ M = 1

RL

L
C ∈R+ N = L

C
Pn
V 2
bat

∈R
u ∈ {0,1}
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z = [x,y] x ∈ R+ y ∈ R+

SMC

4.2.2 Sliding mode control design
SMC

RESs CPL

(a) Switching function
s

s= y− yre f + (x− xre f )

xre f yre f x y xre f
=My2

re f +N
y x

yre f xre f

u :=
1
2
(1+ sgn(s)) =

1 s> 0
0 s< 0

s= 0

s= 0

(b) Existence of sliding mode

sT ṡ< 0 s> 0 ṡ

Case I: s> 0
s > 0 u = 1

ṡ= ẏ+ ẋ< 0

ẋ ẏ

x−My− N
y
+ (1− y)< 0

J = 0
x y xre f yre f yre f

>
xre f −Myre f − N

yre f

yre f −1

xre f =My2
re f +N

>
xre f
yre f
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Case II: s< 0
s < 0 u = 0

ṡ= ẏ+ ẋ> 0

ẋ ẏ

−My− N
y
+ > 0

x y xre f yre f

>
xre f
yre f

(c) Stability of switching surface
x xre f y yre f

s= 0 s= 0
x y 1

x y s= 0⇒ y=− x
y x

ueq
s ueq

ṡ= 0

ṡ= ẏ+ ẋ= 0

ẋ ẏ ueq

ueq =
My+ N

y −
x− y

ueq = 0
y= yre f − (x− xre f )

ẋ=
x−My2 −N

x− y

x = xre f

Approximate Linearization Approach: e1 = x− xre f e2 = y− yre f

ė1 =
e1 −Me2(e2 +2yre f )
e1 − e2 + xre f − yre f
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= e2 + e1 = 0

ė1 =
e1(1+2M yre f )

xre f − yre f

e1 → 0 t → ∞

1+2M yre f
xre f − yre f

< 0

M,yre f ∈ R+ e1

>
xre f
yre f

e1 e2

(d) Switching frequency

SMC

sd u

u :=






1 Sd > h
0 Sd <−h

up −h≤ Sd ≤ h

up u h

h=
Vbat(vC−Vbat)

2L fsvC

fs

(e) Implementation aspects and tuning

h

sd = (vC− vCre f )+ (iL− iLre f )

= L
C vCre f iLre f

h
vC vCre f

SMC
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Figure 4.15 : Implementation scheme of the proposed SMC for bidirectional dc/dc converter

4.2.3 Real-time Simulation Studies

ORDS

iLre f =

Table 4.2 : Parameters of bidirectional dc/dc converter and the proposed SMC

vcre f 120 V
Vbat 60 V

5 mH
1000 F

rL 0.22 Ω
5

fs 40 kHz
RL 200 Ω

ibus
d d = Vbat

vCre f
Q1

Pn

t = 0.1 s Pn =−400 W → 200 W
t = 0.2 s Pn = 200 W → 50 W
t = 0.3 s Pn = 50 W →−200 W
t = 0.4 s Pn =−200 W → 100 W
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Figure 4.16 : Real-time simulation response of the proposed SMC with BDC
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4.3 SUMMARY

CPL

ORDS

RESs MPPT
CPL

BDC BDC

ORDS
±0.83%
150%

93




