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Abstract 
 

Luo converters are used in various application because of low ripple, high voltage gain with less number of components. In the literature 
Luo converter was analysed for voltage gain, output voltage control etc. but the stability of the third order system was not analysed. In 
this paper the stability was analysed by root locus method. Initially the state space modelling was applied by considering input current as 
the output vector and the input to output transfer function is obtained. The transfer function reveals that the third order system falls under 
the category of marginally stable system. In order to bring it in to a stable system a PID controller was designed for the third order sys-
tem. The performance of the PID system for the third order system was compared with  that of the transfer function when it was split in 
to first order and second order transfer function. For the marginally stable second order transfer function a PID controller, lead compen-
sator and notch filter was designed. The split transfer function performance of lead, notch filter was compared with the PID of the third 
order system.   
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1. Introduction 

Dc to dc converters are widely used in application like battery 
charging , switched mode power supply, renewable energy , elec-
tric vehicle ,electric drive etc. in all this application they are used 
for boosting and bucking operation. The boost action will improve 
the voltage level and the buck action will decrease the voltage 
level. For boost action to be performed in dc to dc converters there 

are various categories like non isolated, isolated, unidirectional, bi 
directional, voltage fed, current fed, hard switched, soft switched 
and minimum phase category. Similarly there are various tech-
niques for boost action like charge pump, voltage multiplier, mag-
netic coupling, multistage level and voltage lift techniques. The 
voltage lift techniques is used in many converters like luo, cuk, 
sepic and zeta converters. In voltage lift technique a capacitor is 
charged to a specific voltage like input voltage and then step up 

the output voltage with the help of voltage level of pre charged 
capacitor. This process can be repeated by including additional 
capacitor resulting in invention of re-lift, triple-lift and quadruple 
lift circuits. 
In the literature the luo converter was introduced [1] in 2003. Af-
ter that a cascaded Luo converter was introduced in order increase 
the voltage gain in geometric progression doubled with reduced 
components. Then soft switching was introduced in [3] ,[4] & [13] 

in order to increase the efficiency of the converter. The zero volt-
age switching was done by using quasi resonant converter. [5] 
Discuses about output voltage regulation of the converter by PI 
control and PWM based sliding mode control. Sliding mode con-
trol was implemented to Luo converter for current distribution [6] 
by paralleling of the converter. [7] discusses about the hysteresis 
based sliding mode control of Luo converter.[8],[9] & [12] dis-

cusses about the current mode control and dual loop control for 
regulating the output voltage [13],[14] and output current of the 
Luo converter . Hence the stability of the luo converter was not 
analysed [15].  

2. State Space Averaging of Positive Output 

Elementary Super Lift Luo Converter 
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Figure 1: Circuit Diagram of Luo Converter 

 
Figure 1 shows the circuit diagram of positive output elementary 
Luo converter. It contains one voltage source Vdc, one inductor L1, 
two capacitor C1 and C2, two diodes D1 and D2, one switch S1 and 
one load Resistor Ro. The Luo converter is boost type of geometric 
progression.  
Let the state variables be defined as 
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The input vector be input voltage 
 

( ) ( )
dc

U t V t  (2) 

 
The output vector be load current 
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dc
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The state equation of the system is given 
 

( ) ( ) ( )X t AX t BU t


    (4) 

 

Vdc C1 C2
R0

L1

dcI

1LI 1CI

OC II 2

 
Figure 2: Equivalent Circuit Diagram of Mode I 

 
The mode I equivalent circuit is shown in figure 2. In mode I the 
switch mosfet is turned on. When mosfet is turned on the inductor 

L1 and C1 will come in parallel with voltage source Vdc. A current 
Idc will flow from the battery to the inductor and capacitor. The 
current flowing in the inductor is shown as IL1 and the current 
flowing in the capacitor is shown as Ic1.During this time the induc-
tor will store the energy as magnetic field and the capacitor will 
store the energy as electric charge. At the same time the output 
capacitor will discharge Io the stored energy to the load resistor Ro 
as shown in the diagram. 

Writing the KVL equation for the state variables 
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Current through the Capacitor C1 Is Given By 
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Current through the capacitor C2 
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Writing the state equation for mode I 
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The output state equation is given by 
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Figure 3: Equivalent Circuit Diagram of Mode II 

 
The mode ii equivalent circuit diagram is shown in figure 3. In 
this mode the mosfet is turned off. When mosfet is turned off the 
voltage source Vdc, the inductor L1, capacitor C1 and C2 will be 
forming a loop as shown in the diagram above. In this case the 
inductor L1 and C1 will be releasing the stored energy and the 

capacitor C2 will be storing the energy. During this period the load 
will be supplied by the source Vdc as shown in the diagram. 
The voltage across the inductor is given by  
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The current through the capacitor c is given by 
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The current through the capacitor c is given by 
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Writing the state equation for mode II 
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The output state equation for mode II 
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The input to output transfer function is given by 
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3. Study of Output to Input Transfer Function 

 
For equation (18) the values given in table 1 are substituted to 
obtain the input to output transfer function of the system. The 
input to output transfer function obtained is given by 
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3 2

2.73424 05 1.919 8 5.425 8

1000 40000 4 7

e s e s e

s s s e

 

  
 (19) 

 
Table 1 shows the values used for the transfer function 

Parameters Values 

Duty cycle D 0.7 

Inductor L1 100mh 

Capacitor C1 and C2 100uf 

Internal resistance of capacitor Rc1 and Rc2 0.16 

Output resistance 10 

 

 
Figure 4: Pole Zero Map of Transfer Function 

 

 
 

Figure 5: Root Locus of the Output to Input Transfer Function 

 
Figure 6: Step Response of the output to input Transfer Function 

 
 

The pole zero map of the input to output system is shown in figure 
4. It shows that the system is marginally stable system. In the pole 
zero map we find that there are 3 poles and two zeros. One pole is 
real and two poles are imaginary. The real pole lies at -1000 and 
the imaginary poles lies at 200i and -200i.The step response of the 
system is  sinusoidal in nature proving it marginally stable system 

as shown in figure 6. The root locus of the system is shown in the 
figure 7. 

 
Figure 7: Root Locus and Step Response of Transfer Function for Gain Of 

0.00029937 

 
Now the stability of the system is analyzed by root locus method. 
In root locus method the gain of the system is increased in order to 
bring the system in to stability. Initially the gain is increased to 
0.00029937 to check the change of response. The step response 
and the root locus of the third order system are shown in figure 7. 
It gives a settling time of 0.139, peak response of 0.236, rise time 

of 0.516micro second and steady state final value of 0.00404. 
Since the gain value is very low the steady state value also low. 

 

 
Figure 8: Root Locus and Step Response of Transfer Function for Gain of 

10 
 

Now when gain value is increased to 10 the settling time is 1.32 
micro second, rise time is .78 micro second, peak over shoot is 
0.621%   and final steady state value is 0.996 which is shown in 
figure 8. Now when gain value is increased to 100 the settling 
time is 0.142 micro second, rise time is 0.008 micro second, peak 
over shoot is 0%   and final steady state value is 0.996 which is 
figure 9. 
 

 
Figure 9: Root Locus and Step Response of Transfer Function  

For Gain of 100 

 



680 International Journal of Engineering & Technology 

 

 
Figure 10: Root Locus and Step Response of Transfer  

Function for Gain 1456 

 
Now when the compensator value is increased to 1456 the rise 
time is .543nano seconds, the settling time is 0.968 Nano seconds 
and final value is1 which is shown in figure 10. Even though the 
settling time was decreased to nanoseconds practically it is diffi-
cult to implement for creating such a high gain circuit. 

 

4. Analysing the Splitted Transfer Function 

 
The second part of analysis involves splitting the transfer function 
in to first order and second order transfer function and analyzing 
them separately. When the transfer function is split in to two the 

first order is given by 
78922

1000S 
. And the second order transfer 

function is given by 
2

9.500419 9

40000

e

S 
. The first order equation gives 

pole located at left side of the plane. While the second order trans-
fer function gives poles located at the imaginary axis of the s-
plane. The first order pole gives stability to the system while the 
second order pole causes the instability to the system. The step 

response of the first order system is shown in figure 11. The step 
response is a stable response giving a settling time of 3.912milli 
seconds, rise time of 2.2milli seconds and the steady state value is 
78.9. 

 
Figure 11: Step Response of First Order System 

 

Table 2 PID values 

Parameters Values 

P 5.827e-5 

I 0.0051526 

D 1.4365e-7 

N 15224.1787 

Rise time 0.000921 seconds 

Settling time 0.0191 seconds 

overshoot 14.6% 

Peak value  1.15 

 

 

 
Figure 12: Step Response of Second Order System 

 

 
Figure 13: Second Order System with PID controller 

 

And the second order transfer function is

 

2

9.500419 9

40000

e

S 
. The re-

sponse of the second order system is oscillatory in nature and the 

oscillation is constant and hence the system is marginally stable 
which is shown in figure 12. In order to bring stability to second 
order system a PID control was designed. The response of the 
system is stable after introducing the controller. The second order 
system and the PID control is shown in figure 13.  The PID values 
and the characteristics of the second order response values are 
given in table no.1. The PID values are selected for creating a 
settling time of 20 milli seconds and the simulation achieves a 
settling time of 19.1 milli seconds creating a peak value of 1.15 

and an over shoot of 14.6%. The step response of the second order 
system is shown in figure 14. 

 
Figure 14: Tuned Response of Second Order System 

 
In the third way of analysis a zero is added to the root locus of the 
second order system. The root locus of the second order system is 
shown in figure 15. There are two poles present in the imaginary 
axis and travel to infinity along the imaginary axis. If zero is add-
ed the poles direction will change and the system may become a 

stable system. 
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Figure 15: Root Locus of Second Order System 

  
When zero is added at -10, and -100 the root locus of the second 

order system changes as shown in figure 13 and figure 14 respec-
tively. 

 
Figure 16: Root Locus of Second Order System When Zero Is Added At -

10 

 
Figure 17: Root Locus of Second Order System When Zero Is Added  

At -100 

 

 
Figure 18: Step Response of Second Order System When Position of Zero 

Is Changed -10 To -500 

When zero is added in the root locus at -10,-50,-100,-200and -500 
of the LHP of the plane the step response is shown in figure 15 , it 
is observed that the settling time of the step response decreases as 
shown in the table as the farther the distance of zero with respect 
to  the origin. 
Now when the zero is located at -10 and the gain of the compensa-
tor alone increased from 1, 10, 50, 100, the step response of the 
system is shown in figure 21. 

 

 
Figure 19: Step Response of Second Order System When Zero Is Located 

At -10 and Gain Is Increased From 1 to 100 

 
Figure 20: Root Locus of Second Order System When Lead Compensator 

Is Designed 

 
Figure 21: Step Response of the System for Second Order with Lead 

Compensator 

                                        

When a lead compensator 

 

(1 0.1 )

(1 0.0042 )

s

s




  which has a zero at -10 

and pole at -240 the root locus is shown in figure 17. The step 
response of the second order system with lead compensator is 
shown in figure 18. The settling time given by the lead compensa-
tor is 0.0686 second, peak overshoot of 1.05e3 and a rise time 
0.00112 second. 
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Similarly a notch filter was designed to check the performance of 

the system. The notch filter is given by

 

2

2

(1 0.0011 0.0014 )

(1 0.0019 0.0014 )

s s

s s

 

 
. 

The location of pole is at -266±647j. The zero location given by-

100,100. To improve the performance of the notch filter a zero 
was added at 1. The designed notch filter with gain of 10 gives a 
settling time of 4.12 Nano seconds, rise time of 2.31 Nano sec-
onds with no over shoot. When the second order system is added 
with first order system the table 2 gives the performance of the 
system. The step response of the notch filter without gain and with 
gain of 10 is shown in figure 20 and 21. The gain in the notch 
filter eliminates the overshoot completely and gives a smooth 
curve as shown in figure 21. The table 2 shows the performance of 

various controllers with respect to the various parameters. It is 
found that the notch filter gives the best performance with respect 
to other filters. 
 

Table 3: Performance of various compensators 

Parameters First Or-

der 

Second Order 

PID LEAD NOTCH 

Settling Time 3.92ms 19.1ms 68ms 4.12e-6 ms 

Rise Time 2.2ms 0.921ms 1.12ms 2.31e-6 ms 

Peak Over Shoot - 14.6% 1.05e3% - 

 
Figure 22: Root Locus of the Second Order System with Notch Filter 

 
Figure 20: Step Response of the System for Second Order System with 

Notch Filter 

 

 
Figure 23: Step Response of Second Order System with Notch Filter and 

Gain As 10 

5. Conclusion 

In this paper the stability of the Luo converter was analysed by 
root locus method. The converter system is modelled by state 
space averaging method and the input to output transfer function is 
obtained. The transfer function is analysed for the stability of the 

system. It is found that the system is marginally stable system 
because two poles lie on the imaginary axis. For this system to 
become stable a PID controller, lead compensator, a notch filter 
was designed. It is found that notch filter gives the best perfor-
mance compared to other controllers. 
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