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3.1 MATHEMATICAL MODELING OF BUCK CONVERTER WITH MIXED LOAD
CPL

CVL CCM

ibus(t) =
vbus(t)
RL

+
P

vbus(t)
; ∀ vbus(t)>

ibus(t) = iLoad(t) = iCPL+ iCVL

P CPL RL CVL iCPL
CPL iCVL CVL vbus

vC v0 vbus v0

dx1

dt
=

E
L
u− 1

L
x2

dx2

dt
=

1
C
x1 −

1
C
iLoad

v0 = x2

x1 x2 iL vC
E L C

u ∈ {0, 1} x1 x2 ∈ Ω
Ω R2

x1,x2 ∈ Ω ⊆ R2
+ \{0} and x1 > 0, x2 > 0

59



E
R

L

Figure 3.1 : Circuit diagram of a DC/DC converter feeding a combination of CPL and CVL

3.2 SLIDING MODE CONTROL DESIGN
SMCs

3.2.1 Discontinuous SMC
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(b) Existence of sliding mode
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(c) Stability during sliding mode
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x1re f x2re f = PT (x1re f x2re f −P− x2
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3.2.2 PWM Based SMC
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Figure 3.2 : Implementation scheme of the proposed discontinuous SMC for buck converter feed-
ing a mixed load
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3.2.3 Simulation Studies
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Figure 3.3 : Implementation scheme of the proposed PWMbased SMC for buck converter feeding
a mixed load

(a) Simulation studies with discontinuous SMC

SMC = 200

h= 5

u :=
1
2
(1− sgn(s)) =
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up

Figure 3.4 : Region of existence for simulated case (shaded in green) of buck converter system

5 ms
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Figure 3.5 : Simulated start-up response with the discontinuous SMC: (a) Output voltage; (b) In-
ductor current; (c)Switching surface; and (d)Control input. (E = 380V,P= 350W, R=
322.67 Ω, x2re f = 220V and = 200)
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Figure 3.6 : Simulated transient response with the discontinuous SMC: (a) Output voltage; (b) In-
ductor current. (When input voltage is increased by 30% at t = 0.1 s and is restored at
t = 0.2 s)
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Figure 3.7 : Simulated transient response with the discontinuous SMC: (a) Output voltage; (b) In-
ductor current. (When input voltage is decreased by 30% at t = 0.1 s and is restored at
t = 0.2 s)
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Figure 3.8 : Simulated transient response with the discontinuous SMC: (a) Output voltage; (b) In-
ductor current. (When CPL power is increased from 350W to 500W at t = 0.3 s and is
restored at t = 0.4 s, keeping resistance RL constant)
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Table 3.1 : Parameters of the proposed PWM based SMC for buck converter

200
1X105

Q 3X108

fs 20 kHz

0 0.02 0.04 0.06 0.08 0.1
205

210

215

220

225

230

Time (s)

V
o

lta
ge

 (
V

)

 

 
Output voltage reference
Output voltage

0 0.02 0.04 0.06 0.08 0.1
0

2

4

6

8

Time (s)

C
u

rr
e

n
t (

A
)

 

 
Inductor current reference
Inductor current

0 0.02 0.04 0.06 0.08 0.1
−15

−10

−5

0

5

10

15

Time (s)

S
w

itc
hi

ng
 fu

n
ct

io
n

 (
s)

0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0

0.5

1

1.5

Time (s)

u

Figure 3.9 : Simulated start-up response with the PWM based SMC: (a) Output voltage; (b) Induc-
tor current; (c) Switching surface; and (d) Control input. (E = 380V,P= 350W, RL =
322.67 Ω, x2re f = 220V )
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Figure 3.10 : Simulated transient response with the PWM based SMC: (a) Output voltage; (b) In-
ductor current. (When input voltage is increased by 30% at t = 0.1 s and is restored
at t = 0.2 s)
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Figure 3.11 : Simulated transient response with the PWM based SMC: (a) Output voltage; (b) In-
ductor current. (When input voltage is decreased by 30% at t = 0.1 s and is restored
at t = 0.2 s)
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Figure 3.12 : Simulated transient response with the PWM based SMC: (a) Output voltage; (b) In-
ductor current. (When CPL power is increased from 350W to 500W at t = 0.3 s and is
restored at t = 0.4 s, keeping resistance RL constant)
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< 1 ms

3.2.4 Experimental Validation
PWM

SMC

LEM LV25−1000 ACS709
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Programmable DC Load
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NI FPGA GPIC card
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Voltage Sensor Cards

Input Supply

User interface on PC connected to NI FPGA card

Display of Captured signals

Figure 3.13 : An image of the experimental setup of buck converter feeding a mixed load

Table 3.2 : Specifications of the experimental setup of buck converter system

Vo 48 V
100 V
2 mH & 0.224 Ω
1000 F & 0.185 Ω
200 W

RL 208 Ω
1200 V, 40 A
300 V, 15 A

fs 25 kHz

25%

CPL CVL
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(a) Experimental validation of the discontinuous SMC

SMC
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SMC ±3.125%
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(b) Experimental validation of the PWM based SMC
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= 40 = 1500 Q= 20000

48 V
PWM

CPL 2%
200 W

PWM SMC

3.3 SUMMARY
CPL

SMC PWM
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Figure 3.14 : Experimental results with the discontinuous SMC: (a) Steady-state operation corre-
sponding to the Operating Condition: 1; (b) Transient response corresponding to the
Operating Condition: 2; (c) Transient response corresponding to the Operating Con-
dition: 3
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Time scale:40μs/Div

Figure 3.15 : Experimental results with the PWM based SMC: (a) Steady-state operation corre-
sponding to the Operating Condition: 1; (b) Transient response corresponding to the
Operating Condition: 2; (c) Transient response corresponding to the Operating Con-
dition: 3
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