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Abstract 
This paper documents design and modeling of a grid-connected emergency 
back-up power supply for medium power applications. Back-up power sup-
plies are very important in regard to support electrical loads in the events of 
grid power outage. However, grid-integration of a back-up power supply 
substantiates continual power transfer to the loads, especially to the critical 
loads, which should not suffer from power interruptions. Therefore, design 
and circuit modeling of switching converters based reliable grid-tied emer-
gency back-up power supply are presented in this paper. There are a rectifi-
er-link boost derived battery charging circuit and a 4-switch push-pull power 
inverter circuit which are controlled by high frequency pulse width modula-
tion (PWM) signals. This paper presents a state averaging model and Laplace 
domain transfer function of the charging circuit and a switching converter 
model of the power inverter circuit. A changeover relay based transfer switch 
controls the power flow towards the utility loads. During off-grid situations, 
loads are fed power by the proposed inverter circuit and during on-grid situa-
tions, battery is charged by an ac-link rectifier-fed boost converter. However, 
there is a relay switching circuit to control the charging phenomenon of the 
battery. The proposed design is simulated in PLECS and the simulation re-
sults corroborate the reliability of the presented framework. 
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1. Introduction 

Power electronic converters can provide alternate and sustainable solutions to 
grid power failure, poor voltage regulation and inefficient and expensive mains 
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power supply systems. In the events of grid power unavailability, emergency 
utility loads and critical loads like computers and different medical devices can 
be supplied power by power electronic devices, like instant power supply (IPS) 
and uninterruptible power supply (UPS). However, in both IPS and UPS systems, 
power inverter circuits are designed to efficaciously deliver power to the utility 
loads. The basic difference between IPS and UPS is the back-up power switching 
transfer time. 

In this paper, a medium power grid-connected switching converters based 
emergency back-up power supply is presented, which can be used as a reliable 
UPS or IPS or both the systems. There is a 4-switch push-pull inverter circuit 
which supports the utility loads when the mains power is unavailable. The bat-
tery is charged by a rectifier-link dc-dc boost converter circuit. There is electrical 
isolation at the source-end of the battery charger which steps-down the line vol-
tage and the converter produces a suitable voltage level to charge the battery. 
The switching phenomenon of the boost converter is controlled by high fre-
quency (40 kHz) pulse width modulation (PWM) signals to reduce the current 
ripples, size of the filter components and switching losses. The converter is de-
signed in such a manner that it operates in continuous conduction mode (CCM) 
so that the steady state inductor current is greater than the ripple components 
and never reaches to zero or being negative during the converter operation. 

A 4-switch push-pull inverter circuit yields to large current driving capabili-
ties to deliver sufficient power to the loads. There are parallel snubber  

components with the inverter switches to reduce d
d
v
t

 effects. There is a 50 Hz  

center-tapped step-up transformer, which is followed by an L-C low pass filter at 
the load side. The inverter switches are controlled by two complementary PWM 
signals of the mains line frequency (50 Hz). 

During an on-grid condition, the loads and the battery are fed power by the 
mains line and the grid-tied charger respectively. During an off-grid condition, 
the customized power supply system delivers power to the loads. The power 
transfer switching from grid to the customized power supply system is automatic 
and instantaneous. The transfer application is substantiated by a changeover re-
lay with a switch operating rate of 3 - 5 ms. There is a switching relay circuit to 
control the charging process of the battery. If the battery voltage is at its rated 
value, the charge controller disconnects the battery from the charger and thus 
prevents the over-charging phenomenon. 

For effective and sustainable power supply solutions, a number of novel PWM 
inverter topologies are reported in [1] [2] [3] [4] [5]. A 250 W soft-switching 
current-fed push-pull converter topology is articulated in [6]. For a single-phase 
PWM inverter, a current quality evaluation methodology is presented in [7]. For 
performance betterment, reliable PWM control techniques for inverter circuits 
are proposed in [8] and [9]. The proposed push-pull inverter based emergency 
power supply system can be used as a UPS device to support critical loads. Sev-
eral inverter topologies and modeling approaches for UPS applications are pro-
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posed in [10] [11] [12]. Immaculate parallel UPS operations and control tech-
niques of single phase inverters for UPS systems are documented in [13] [14] 
[15]. However, designs, models and applications of different switching power 
electronic converters are presented in [16]-[21]. The power inverter topologies 
reported in [1]-[15] require sophisticated design methodologies and intricate 
control mechanisms, whereas the proposed back-up power supply consists of 
comparatively simple circuit topologies and switch control mechanisms. The 
switching signals are generated using analog circuits designed for particular fre-
quencies. However, the circuit models derived in this paper explains the opera-
tion of the constituent converters. Besides being an efficient power supply solu-
tion, the proposed design is considered to be very reasonable for consumer ap-
plications. 

In this paper, a state averaging model of the battery charging circuit is derived 
and a Laplace domain transfer function is determined from the equivalent time 
domain model. The inverter circuit is analyzed in the form of an equivalent 
switching converter model. The proposed system is simulated in PLECS (version 
4.2) for an R-L load. However, harmonic analysis of the mains current, inverter 
output voltage and load current are conducted to evaluate the corresponding to-
tal harmonic distortion (THD) values. The sending-end power factor is meas-
ured as well to verify the reliability of the proposed system. From simulations the 
obtained results are as follows: sending-end power factor is 0.96, mains current 
THD is 20.88%, inverter output voltage THD is 15.02% and load current THD is 
14.98% approximately for an R-L load of about 104 W (maximum). 

Section 2 presents the description of the proposed design. Section 3 describes 
the state space model of the battery charging circuit. Section 4 describes the 
switching converter model of the power inverter. Section 5 documents the si-
mulation results and finally, Section 6 concludes the paper. 

2. Proposed Design 

A grid-integrated emergency back-up power supply with automatic transfer 
switching application between the mains power and customized power inverter 
circuit is presented in this paper. A 4-switch push-pull inverter circuit with 
snubber components and an iron-core step-up output transformer is designed to 
support loads in the absence of grid power. A rectifier-fed boost converter is de-
veloped to charge the battery at a suitable voltage level. Figure 1 presents the 
proposed system layout. 

The transfer switching operation from the mains line to the customized power 
circuit in case of grid power failure is implemented by a changeover relay fol-
lowing a double pole double throw (DPDT) switching structure. Direct connec-
tion relay 1CR  is the relay terminal connected to the mains power and it 
bridges the connection between the grid and utility load. Circuit-to-load con-
nection relay 2CR  is the relay terminal connected to the inverter output and it 
bridges the connection between the customized power supply unit and utility  
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Figure 1. Proposed system layout of the grid-connected emergency back-up power supply 

 
load. 1CR  and 2CR  get activated alternatively and in general case, 2CR oper-
ates when the mains power is unavailable. A generic relay has two switching 
terminals and one moving pole to switch from one terminal to another. In this 
DPDT relay, the normally closed (NC) terminal or 2CR  is connected to the in-
verter output and the normally open (NO) terminal or 1CR  is connected to the 
mains line. The moving pole is connected to the load. In the de-energized state, 
which means the off-state of the mains power, the load is connected to NC and 
conversely, in the energized state, which means the on-state of the mains power, 
the load gets automatically connected to NO. 

An intelligible relay switching circuit is designed, which determines the con-
nectivity of the battery to the charger. If the battery voltage is at its rated nomin-
al value, the switching circuit disconnects the charger from the battery to pro-
vide over-voltage and over-heat protection. Charger connection relay CCR is 
basically a single pole double throw (SPDT) relay switching circuit to connect 
the battery terminal to the charger. Battery charge controller consists of an 
op-amp based comparator circuit, in which the reference voltage refV  is fed 
from the rectifier output and it is connected to a non-inverted port. The battery 
voltage batV  is connected to an inverted port of the op-amp. The difference 
voltage diffV  is ref batV V −   and the comparator output voltage compV  is 

satV V− = − , if bat refV V≥  and is satV V+ = + , if bat refV V< ; here satV  is the sa-
turation voltage. The comparator circuit is followed by a relay switching circuit 
of which the input is the comparator output voltage. Here NO terminal is con-
nected to the charger, NC terminal is open and the moving pole, C is connected 
to the battery. When compV V= − , there is no current flow through the switching 
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relay and the battery is disconnected from the charger terminal. When 

compV V= + , a current flows through the relay to close the switch and the battery 
is connected to the charger. 

The switching operations of the boost converter and push-pull inverter can be 
executed by PWM signals of 40 kHz and 50 Hz respectively. Analog integrated 
chip (IC) SG3525A can be used to generate the switch-control PWM signals. 
SG3525A generally produces two complementary pulses of the same frequency. 
In case of the boost converter, any of the two generated 40 kHz pulses can be 
used to control the switching operation. In regard to maintaining the trade-off 
between switching loss and conduction loss of a switching device, 40 kHz 
switching frequency is optimized here. In case of the push-pull inverter, both of 
the 50 Hz pulses are used to control the switching operations of the inverter legs, 
leg1: 1 2i iQ Q−  and leg2: 3 4i iQ Q− . Figure 2 and Figure 3 present the designs 
of 40 kHz and 50 Hz PWM signal generation circuits respectively. 

3. State Averaging Model of the Proposed Battery  
Charging Circuit 

The state space averaging technique implies an approximation methodology to 
analyze switching converters being operated with high switching frequencies. 
The state space modeling yields to a continuous-time signal frequency analysis 
and results in a non-linear system though the original circuit is a linear system. 
However, with small signal approximations, state space modeling provides good 
stability and time variant behavioral analysis of switching converters. The ge-
neric state space model equations are 

( ) ( ) ( )t A t B t= +x x u                       (1a) 

( ) ( ) ( )t C t D t= +y x u                       (1b) 

here ( )tx  is the vector of state variables to be analyzed (inductor current  

and capacitor voltage), ( ) ( )d
d

t
t

t
=

x
x , ( )tu  is the input source vector (voltage  

or current source), ( )ty  is the output vector (output voltage) and A, B, C and 
D are constant matrices. Laplace transformations of the state equations yield to 
transfer function of a circuit system, which is a good determinant of the in-
put-output relationship. Corresponding Laplace domain transformations of (1a) 
and (1b) to get the system transfer function are 

( ) ( ) ( )S S A S B S= +X X U                       (2a) 

( ) ( ) ( )1S SI A B S− = − X U                      (2b) 

( ) ( ) ( )S C S D S= +Y X U                        (3a) 

( ) ( ) ( )1S C SI A B D S− = − + Y U                   (3b) 

( ) ( )
( ) ( ) 1S

G S C SI A B D
S

− = = − + 
Y
U

                (3c) 
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Figure 2. 40 kHz PWM signal generation circuit us-
ing SG3525A. 

 

 
Figure 3. 50 Hz PWM signal generation circuit using 
SG3525A. 

 
here I is an m n×  identity matrix, ( )SX , ( )SU  and ( )SY  are the s-domain 
transformations of ( )tx , ( )tu  and ( )ty  respectively. ( )G S  is the system 
transfer function. Figure 4 presents the overall state space configuration and 
transfer function model of the battery charger in which the system transfer func-
tion can be expressed as 
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Figure 4. State space structure and transfer function 
model of the battery charging circuit (two series blocks, 

( )rG S  and ( )cG S , denote s-domain transfer functions 

of the rectifier and boost converter respectively). 

 
( ) ( ) ( )r cG S G S G S=                        (4) 

here ( )rG S  and ( )cG S  are the transfer functions of the rectifier and boost 
converter circuits respectively. To reduce redundancy of terminology, any time 
domain variable, ( )m t , is denoted as m in further expressions in this paper. 

3.1. Derivation of ( )rG S  

Figure 5 presents the equivalent state space model of the rectifier circuit where 

ru  is the input ac voltage (stepped-down), ry  is the output voltage, 1rx  and 

2rx  are the state variables. 1rS , 2rS , 3rS  and 4rS  are the state space models 
of 1D , 2D , 3D  and 4D  respectively. The rectifier circuit can be analyzed 
separately during two half (positive and negative) cycles of the input source such 
that 

r r ru u u+ −= +                            (5) 

During the positive (+ve) half cycle of the input 

1 2 2 1 2
1 1 1, ,r r r r r r r

r r r

x x u x x y x
L L C+ += − + = =                 (6) 

1

10

1 0

r
r

r

L
A

C

 − 
 =
 
 
 

                       (7a) 

[ ]1 1 1

1
, 0 1 , 0

0
rr r rLB C D

 
 = = = 
  

                  (7b) 

From (3c), (7a) and (7b), the rectifier transfer function during +ve half cycle 
of the input is 

( )1 2

1
1r

r r

G S
S L C

=
+

                     (8) 

In this follow-up, during the negative (−ve) half cycle of the input 
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Figure 5. State averaging model of the rectifier 
circuit: (a) state space model, (b) equivalent 
model for positive input and (c) equivalent model 
for negative input. 

 

1 2 2 1 2
1 1 1, ,r r r r r r r

r r r

x x u x x y x
L L C− −= − − = =             (9) 

2

10

1 0

r
r

r

L
A

C

 − 
 =
 
 
 

                    (10a) 

[ ]2 2 2

1
, 0 1 , 0

0
rr r rLB C D

 − = = = 
  

              (10b) 

From (3c), (10a) and (10b), the rectifier transfer function during −ve half 
cycle of the input is 

( )2 2

1
1r

r r

G S
S L C

= −
+

                   (11) 

From circuit analysis and in accordance with (8) and (11), the resultant rec-
tifier transfer function can be expressed as 
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( ) ( ) ( )1 2 2

1
1r r r

r r

G S G S G S
S L C

= = =
+

            (12) 

3.2. Derivation of ( )cG S  

Figure 6 presents the equivalent state space model of the boost converter circuit 
where cu  is the input dc voltage (rectified + filtered), cy  is the output voltage, 

1cx  and 2cx  are the state variables. 1cS  and 2cS  are the state space models 
of cQ  and cD  respectively. During subinterval-1 or pdT  interval, where d is 
the duty ratio and pT  is the switching period, 1cS  is on (closed switch) and 
during subinterval-2 or ( )1 pd T−  interval, 2cS  is on (closed switch). During 
the pdT  interval, 

1 2 2 2
1 1, ,c c c c c c

c c c

x u x x y x
L R C

= = − =                 (13) 

1

0 0
10c

c c

A
R C

 
 =  −
  

                     (14a) 

[ ]1 1 1

1
, 0 1 , 0

0
cc c cLB C D

 
 = = = 
  

                (14b) 

 

 
Figure 6. State averaging model of the boost converter; (a) 
state space model: (b) equivalent model during pdT  in-

terval or subinterval-1; (c) equivalent model during 
( )1 pd T−  interval or subinterval-2. 
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During the ( )1 pd T−  interval, 

1 2 2 1 2 2
1 1 1 1, ,c c c c c c c c

c c c c c

x x u x x x y x
L L C R C

= − + = − =          (15) 

2

10

1 1
c

c

c c c

L
A

C R C

 − 
 =
 

− 
 

                  (16a) 

[ ]2 2 2

1
, 0 1 , 0

0
cc c cLB C D

 
 = = = 
  

             (16b) 

In cumulative form, 
( )1 21c c cA dA d A= + −                 (17a) 

( )1 21c c cB dB d B= + −                 (17b) 

Therefore 
10

1 1
c

c

c c c

d
L

A
d

C R C

− − 
 =
 −

− 
 

                (18a) 

[ ]
1

, 0 1 , 0
0

cc c cLB C D
 
 = = = 
  

            (18b) 

From (3c), (17a) and (17b), the converter transfer function can be expressed as 

( )
( )22

1

1
c

c
c c

c

dG S
SLS L C d
R

−
=

+ + −
             (19) 

3.3. Derivation of G(S) 

According to (4), (12) and (19), the overall charging system transfer function 
can be expressed as 

( )
( )

2 22

1 1
1 1cr r

c c
c

dG S
SLS L C S L C d
R

 
   − =  +    + + −  

        (20) 

From (20), the steady state charging system transfer function yields to 

( ) 10
1ssG G

d
= =

−
                       (21) 

(21) is similar to the dc voltage gain of a generic boost converter. 

4. Equivalent Switching Converter Model of the Proposed 
Inverter Circuit 

This section presents the derivation and analysis of an equivalent switching 
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converter model of the proposed 4-switch push-pull inverter circuit. There are 
two switch legs—leg1: 1 2i iQ Q−  and leg2: 3 4i iQ Q−  in the inverter circuit. For 
effective power transformation, 1iQ  and 2iQ  are switched-on simultaneously 
whereas 3iQ  and 4iQ  are switched-on simultaneously. Inverter switch 
legs—leg1 and leg2 are controlled by two alternating PWM pulses. Each of in-
verter 4-switches is a power MOSFET with an anti-parallel diode (body diode) 
constituting a current-bidirectional switch. Figure 7 presents a simplified model 
of the inverter switch in which a leg consisting of two switches is represented by 
a single pole single throw (SPST) switch model. Considering device losses, a 
closed switch is represented by an on-state resistance onR . Figure 8 shows the 
equivalent switching converter model of the push-pull inverter circuit. Here 1iS  
presents the switch leg: 3 4i iQ Q−  and 2iS  presents the switch leg: 1 2i iQ Q− . 
During subinterval-1 or sdT  interval, where d is the duty ratio and sT  is the 
switching period, 1iS  is on (closed switch) and during subinterval-2 or 
( )1 sd T−  interval, 2iS  is on (closed switch). The circuit modeling approach 
assumes small ripple approximation. During sdT  interval, the average inductor 
voltage is 

Lo i i on oV nV nI R V= − −                      (22) 

During ( )1 sd T−  interval, the average inductor voltage is 

Lo i i on oV nV nI R V= − + −                      (23) 

According to inductor volt-second balance theory, 

[ ][ ] [ ][ ]0 1i i on o i i on onV nI R V d nV nI R V d= − − + − + − −         (24a) 

[ ]o i i onV nd V I R= −                       (24b) 

hence the voltage gain of the circuit is 

1 1o i on
v on

i i i

V I R
G nd R nd

V V R
   

= = − = −   
   

               (25) 

here input port resistance i
i

i

V
R

I
= . In case of lossless ( 0onR ≈ ) switching devic-

es, 

o
v

i

V
G nd

V
= =                         (26) 

 

 
Figure 7. Simplified model of the switch used in the proposed 
power inverter circuit. 
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Figure 8. Switching converter model of the power inverter circuit: (a) switching conver-
ter model; (b) equivalent model during sdT  interval or subinterval-1; (c) equivalent 
model during ( )1 sd T−  interval or subinterval-2. 

 
By definition the power efficiency of the inverter is 

2

100% 100%

o

o o
i

i i i

V
P R
P V R

η = × = ×                  (27a) 

[ ]22 2

100%i i on
i

o i i

n d V I R
R V I

η
−

= ×                  (27b) 
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here iP  and oP  are the input and output power of the circuit respectively. In 
case of lossless ( 0onR ≈ ) switching devices, 

2 2
2 2100% 100%i i

i
o i o

V Rn d n d
R I R

η = × = ×               (28) 

From (25) and (28) it can be concluded that 

( ), ,v iG f n dη =                      (29) 

(29) shows that the inverter voltage gain and efficiency are functions of the 
transformer turns ratio and switching signal duty ratio. 

5. Simulation Results 

The proposed 4-switch push-pull inverter based emergency back-up power 
supply with grid-interfaced battery charging circuit is simulated in 
PLECS(version 4.2) for an R-L load of 500R = Ω  and mH27L =  with a 
maximum power consumption of nearly 104 W. The battery is a 12 V voltage 
source and the switching relays are the relay models available in PLECS library. 
However, the switching PWM signals are generated independently by symme-
trical PWM blocks of PLECS. 

Table 1 presents the circuit components’ specifications of the system. The 
components’ notations follow the manner as presented in Figure 1. Table 2 
presents the simulation outcomes of harmonic analysis of the mains line current, 
inverter output voltage and load current. Figures 9-13 present the simulated 
waveforms of the system components. However, in Figures 9-12 the x-axis 
represents the simulation time in s whereas in Figure 13 the x-axis contains the 
frequency values in Hz. Table 3 presents the performance evaluation of the 
proposed system in terms of sending-end power factor, mains current THD, in-
verter output voltage THD and load current THD. By definition, the send-
ing-end power factor is 

cos
coss sR

s
A s s

V IPPF
S V I

φ
φ= = =                   (30) 

here RP  is the real power (w), AS  is the apparent power (VA), φ  is the angle 
between voltage, sV  and current sI . By definition, current THD (%) and vol-
tage THD (%) are 

2 2 2 2 2
2 3 4 5 6

1

100%THD

I I I I I
I

I
+ + + + +

= ×


             (31) 

2 2 2 2 2
2 3 4 5 6

1

100%THD

V V V V V
V

V
+ + + + +

= ×


           (32) 

Any power quantity can be represented by H (=V and I). Here H1 is the fun-
damental or base frequency component, H2, H3, H4, H5 etc are the 2nd, 3rd, 4th, 
5th etc. order harmonic components respectively. Table 3 shows that in simula-
tion, the sending-end power factor and mains current THD of the system are 
around 0.96% and 21% respectively which are considered appropriate for a  
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Table 1. Specifications of the system circuitries. 

Components’ Notations Specifications 

1xT  
230 - 12 V, 300 W, 50 Hz iron core step-down transformer with a turns 
ratio of 1 2: 38 : 2N N =  

1 4D D− , sD , cD , 

1 4s sD D− , srD  & rD  
Power diodes 

rL  0.1 mH, rectifier output filter inductance 

rC  500 μF, rectifier output filter capacitance (25 V electrolytic capacitor) 

cL  0.95 mH, boost converter input inductance 

cC  47 μF, boost converter output capacitance (50 V electrolytic capacitor) 

cQ , 1 4i iQ Q−  & rQ  
N-channel enhancement type MOSFET with an absolute maximum 
on-resistance, 17.5 monR = Ω  and maximum drain current, 49 ADI =  

Battery 12 V (rated nominal voltage), 7.5 A-h (capacity) and 9 V (cut-off voltage) 

1 4s sR R−  225 Ω, snubber resistance 

1 4s sC C−  & srC  10 nF, snubber capacitance 

2xT  
12 - 230 V, 400 W, 50 Hz iron core step-up transformer with a  
center-tapped primary side and a turns ratio of 1 2 3: : 2 : 2 : 38n n n =  

oL  21.2 mH, inverter output filter inductance 

oC  470 μF, inverter output filter capacitance (250 V electrolytic capacitor) 

A Op-amp with the biasing voltage of 12 VV+ =  and 0 VV− =  

1rR  & 2rR  
1 kΩ and 12 kΩ respectively, resistances in the input terminal of the  
battery charge controller circuit 

ddV  12 V, biasing voltage of the relay switching circuit 

C, NO & NC 
Common, normally open and normally closed terminals of a 250 V, 20 A, 
SPDT electromechanical relay 

Transfer Switch 250 V, 30 A, 3 ms (transfer rate) electromechanical relay 

Loads 
In simulation, an R-L load of 500R = Ω  and 27 mHL =  with a  
maximum power consumption of 103.59 W 

 
Table 2. Simulated data of harmonic analysis. 

Harmonic  
Order, n 

Mains Harmonic Current 
Content, ,n mI  (A) 

Inverter Output  
Harmonic Voltage 
Content, ,n lV  (V) 

Load Harmonic Current  
Content, ,n lI  (A) 

1 20.2184 228.361 0.45473 

3 3.97007 19.3039 0.0385546 

5 1.25227 17.5455 0.0349619 

7 0.367276 14.1336 0.0280666 

9 0.476162 11.1722 0.0220854 

11 0.337621 9.68919 0.0190475 

13 0.140560 8.78997 0.0171669 

even 0 0 0 
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Figure 9. Simulated waveforms of the mains line voltage, 
stepped-down line voltage, mains current, rectified voltage and battery 
charging voltage [x-axis is scaled in time (s)]. 

 

 
Figure 10. Simulated current waveforms across the inductor, switch, 
diode, capacitor and output port of the boost converter [x-axis is scaled 
in time (s)]. 
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Figure 11. Simulated waveforms of inverter input current, the current 
through switch S1 ( 3iQ ) and current through switch S3 ( 1iQ ) for an R-L 
load of 500R = Ω  and mH27L =  [x-axis is scaled in time (s)]. 

 

 
Figure 12. Simulated waveforms of the load voltage, load current and 
consumed power of the inverter for an R-L load of 500R = Ω  and 

mH27L =  [x-axis is scaled in time (s)]. 

https://doi.org/10.4236/cs.2019.101001


D. Chowdhury et al. 
 

 

DOI: 10.4236/cs.2019.101001 17 Circuits and Systems 
 

 

Figure 13. Simulated Fourier spectra of the mains current, inverter output 
voltage and output current for a load of 500R = Ω  and mH27L =  
[x-axis is scaled in frequency (Hz)]. 

 
Table 3. Simulated data of the performance parameters for a maximum load power con-
sumption of 103.59 W. 

Sending-End Power 
Factor, sPF  

Mains Current THD, 

mTHDI  (%) 

Inverter Output  
Voltage THD, lTHDV  

(%) 

Load Current THD, lTHDI  
(%) 

0.9639 20.8818 15.0183 14.9827 

 
rectifier-link dc boost converter with PWM switching control application. In 
simulation, for an R-L load with an approximated maximum power consumption 
of 104 W, the load voltage THD and load current THD values are about 15% 
which are considerably low and acceptable for an efficient power supply system. 

6. Conclusions 

In this paper, design of a grid-integrated emergency back-up power supply for 
medium power utility applications is articulated. A 4-switch push-pull inverter 
circuit topology is designed and simulated, which generates modified square 
wave voltage signals at the grid frequency (50 Hz). The battery is charged by a 
rectifier-fed PWM boost derived charging circuit. The instantaneous transfer 
switching from the grid to the customized power supply system is substantiated 
by a changeover relay. An SPDT relay switching circuit forms a battery charge 
controller to provide over-voltage and over-charge protection. The switching 
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converters are controlled by high frequency (40 kHz) and mains line frequency 
(50 Hz) PWM signals respectively. However, state averaging and switching con-
verter models of the charging circuit and power inverter are derived. The pro-
posed design is simulated in PLECS. 

The emergency back-up power supply provides an efficacious solution to 
support electrical loads during a grid power failure. The grid-interfaced feature 
substantiates continual power transfer to the connected utility loads without any 
interruption. The simulation performance confirms the efficiency of the pre-
sented design. However, the design is considered to be reasonable for frequent 
consumer applications. The future scope of the presented work is to develop a 
laboratory prototype to experiment its performance for practical implementa-
tion. However, a more compact and high power sine wave generating power 
supply circuit with feedback control feature can improve the performance of the 
proposed system. 
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