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Abstract— This paper proposes a novel topology of a boost 

inverter for a switched reluctance motor (SRM) without an 

additional inductor. In addition, this paper realizes a design 

method for a boost-up capacitor. The SRM drive is required to 

suppress a radial force ripple caused by acoustic noise and 

vibration. The seamless current control entails a rapid current 

control response. However, the current control response is 

limited by the DC link voltage. Moreover, the di/dt is increased 

due to a back electromagnetic voltage of the SRM at high speed. 

Applying the additional inductor achieves an increase of the 

maximum voltage but also provides an increase of the volume. 

The proposed inverter only adds a boost-up capacitor to the DC 

part without an additional inductor to boost a DC link voltage. 

The boost-up capacitor is designed to minimize the volume. The 

proposed circuit achieves a boost operation at all operating 

points. The phase current follows the current command, thanks 

to the boost function under various operating conditions. The 

capacitor voltage ripple matches the design value with an error 

rate of -13.5%. The validity of the proposed design method of 

the boost-up capacitor is confirmed. 

Keywords—boost inverter, switched reluctance motor, radial 

force ripple, acoustic noise. 

I. INTRODUCTION 

Recently, a system miniaturization has been required to 
reduce the manufacturing cost of electric vehicles (EVs). An 
integrated motor drive (IMD) system has attracted attention 
for its high power density, lightweight, and improved 
electromagnetic compatibility (EMC)[1-3]. The IMD is a 
single-unit structure that integrates the motor and inverter into 
a system. The IMD system eliminates the connection cables 
between the motor and the inverter. The Permanent magnet 
synchronous motor (PMSM) is widely adopted in IMD[3]. 
The PMSM has distinguished its high power density and high 
efficiency for the drive system. On the other hand, the PMSM 
has high manufacturing costs and high thermal sensitivity due 
to a rare-earth-element. Thus, a switched reluctance motor 
(SRM) is expected for the IMD system. The SRM has the 
advantage of rare-earth-element-flee, robustness, and low 
manufacturing cost due to the consisting of an iron core and 
windings[4-5]. Furthermore, The SRM is suited to high-speed 
drives by the super torque/inertia ratio due to the salient pole 
structure. 

The SRM rotates continuously by magnetizing or 
demagnetizing of the winding current at the appropriate 
timing. An asymmetrical half-bridge (AHB) converter is 
generally used to drive the SRM during the positive torque 
section. On the other hand, the SRM drives cause significant 
acoustic noise and vibration due to the radial force ripple, 
which occurs by switching the excitation phase. Thus, a 
control method with a seamless current command applies to 
the SRM in order to suppress the radial force ripple[6]. 
However, the seamless current command requires a more 
rapid current control response compared with the pulse current 
command. In addition, the di/dt is increased depending on the 
back electromagnetic voltage (EMF) of the SRM at high speed. 
A high voltage is required to follow the current command. 
Hence, the AHB converter is added to a boost function with 
an additional inductor to the DC part in order to boost a phase 
voltage because the di/dt is limited to the DC link voltage. 
Although the additional inductor results in an increase of the 
system size. 

Many topologies have been studied to boost the DC link 
voltage using only a boost-up capacitor[7-10]. These 
topologies boost a capacitor voltage using the regenerative 
energy of the armature inductance of the SRM. The di/dt is 
increased by applying the capacitor voltage. These topologies 
with a boost-up capacitor are classified into the capacitor 
connected to the DC part in series[7-8] and parallel[9-10]. The 
series type only utilizes the pulse current command and 
applies the voltage, which is the capacitor voltage added to the 
DC link voltage into the SRM. On the other hand, the seamless 
current command is not utilized due to the capacitor voltage 
control considering the pulse current command only. The 
parallel type[9] is available for various current commands and 
does not use additional switching devices for the boost 
function. However, this topology cannot operate regeneration 
area. The other parallel type[10] only utilizes the pulse current 
command, although this topology allows the regenerative 
operation. 

This paper proposes a novel topology of a boost inverter 
for the SRM, which consists of the AHB converter and boost 
function using the capacitor. The proposed inverter achieves 
regenerative operation and drive with the seamless current 
command. Additional switches control the voltage of the 
boost-up capacitor. In addition, this paper presents the design 
method for the boost-up capacitor in the proposed inverter. 



First, the topology of the proposed inverter including the 
operation principle and the capacitor voltage control is 
described. Next, the proposed design method of the boost-up 
capacitor is explained. In the experimental results, the boost 
operation of the proposed inverter is realized in all operation 
areas. The effectiveness of the proposed method is confirmed.  

II. PROPOSED BOOST INVERTER 

A. Operation Principle 

Figure 1 shows the configuration of the proposed inverter. 
The proposed inverter has the same circuit for each phase. 
Each phase of the proposed inverter consists of an AHB 
converter and two switches. The proposed inverter assumes 
the hysteresis current control to the SRM by switching Sdc and 
Sc. In addition, the switches are controlled to keep the Vc 
constant independently. The details of the control method are 
explained in subsections II-B.  

Figure 2 shows the operation modes of the proposed 
inverter. The proposed inverter switches an applying voltage 
depending on the operation area where the required voltage is 

larger than Edc. The proposed inverter applies ±Edc to the 

motor inductor Lx with a switching pattern Mode 1 and Mode 

2, respectively. Similarly, the proposed inverter applies ±Vc 

using Mode 3 and Mode 4, respectively. 

B. Voltage Control of Boost-up Capacitor 

Figure 3 shows the voltage command using a seamless 
current control at high speed. The waveform of the voltage 
command at one electric period is generated from the motor 
parameter. The area in which the voltage command exceeds 
Edc is defined as a “boost area” in this paper. The capacitor 
voltage increases when the voltage command is negative in 
the boost area. Similarly, the capacitor voltage decreases in 
the case of the positive voltage command in the boost area.  

The proposed boost function includes the voltage control 
of the boost-up capacitor to keep Vc constant in one electrical 
period. This paper focuses on the electric charge of the boost-
up capacitor Qc. The Vc fluctuates due to the charging and 
discharging of the capacitor with Mode 3 and Mode 4. The Qc 

is expressed as in (1), 
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where ix(e) is the phase current, Cbst is the boost-up 

capacitance, e and e are the electric position and the electric 
rotation speed, ic is the capacitor current. The condition is 
expressed as in (2) to keep Vc constant at one electrical period. 

(0,2 ) 0cQ  =  () 

Fig. 4 shows the electric charge of the boost-up capacitor 
in the proposed inverter. Qc increases in the boost area when 
the voltage command of Fig.3 applies to the SRM with the 
proposed inverter. In order to be satisfied with (2), The voltage 
control under the hysteresis current control necessaries 

applying ±Vc in the outside boost area as shown in Fig.4. The 

voltage control applies ±Edc to the SRM in the area where the 

difference of Qc became zero.  

Figure 5 indicates the determination flowchart of Sdc and 
Sc. to control the capacitor voltage. The flowchart is executed 
every control period to determine the switching pattern. Vc 
and Cbst calculate equation (2) in the implementation. The 
details of the Cbst derivation are explained in section III. Mode 
3 and Mode 4 are selected not only the boost area but also the 
period that is derived to satisfy (2). Note that  Sdc and Sc 
operate complementary. 
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Fig.1 Configuration of proposed inverter. 
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Fig.3 Waveforms of voltage command  

applying seamless current control. 
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Fig.4 Electric charge of boost-up capacitor  

with proposed inverter 



III. DESIGN OF BOOST-UP CAPACITOR 

Figure 6 illustrates the design flowchart of the boost-up 
capacitor. The capacitor is designed to minimize capacitance 
and boost operation simultaneously in all operation areas.  

First, the voltage command using the seamless current 
control is derived at a desired operating point (N, T). The 
voltage command is calculated by a mathematical model of 
the SRM based on the Finite Element Method (FEM) analysis 

result[6]. The radial force Fr (i, e), the torque F (i, e), and 

the voltage command V (i, e) are approximated as follows 
by Fourier series and polynomial function.  
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where KTm, KRm, and KVm are coefficients of a polynomial 

function, and the i(e) is phase current. Note that the order of 

each approximation J and M are set to be 10. The i(e) is 
defined as in (4).  
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where il is the harmonic amplitude of the phase current, 
and the order L is 3. The phase current of (4) is optimized to 
satisfy the constant condition below. (i) The radial force ripple 
is less than the desired ripple. (ii) The torque command 
matches the torque average of (3). (iii) The root-mean-square 
of phase current is minimization. 

Next, the fluctuation of the electric charge of the boost-up 

capacitor Qc is calculated based on the derived V (i, e). The 
peak-to-peak value of the Qc in one electrical period Qc_diff is 
shown as (5). 

   _diff max (0,2 ) min (0,2 )c c cQ Q Q = −  () 

In order to design the capacitance in which the Qc is the most 
significant fluctuation in all operating points, the Qc_diff 
updates when the Qc_diff is higher than the maximum of the 
Qc_diff_max at the last operating points. Note that the operating 
points are ignored in case of not satisfying (2). The voltage 
command of the boost-up capacitor Vc

* is obtained, such as the 
flow calculation of Qc_diff_max. The highest voltage in the 

derived V (i, e) is calculated from (6). 

* *maxcV V =
   () 

In order to design the voltage command of the maximum value 
in all operating points, the Vc

*  updates when the V*
c is higher 

than the maximum value of the V*
c_max at the last operating 

points. The calculation Qc_diff_max and V*
c_max continues until 

the highest Qc_diff_max and V*
c_max are determined in all 

operating points. 

Finally, the boost-up capacitance Cbst is determined. The 
capacitance is generally small in case of a large voltage ripple 
of the capacitor. However, there are trade-off relationship 
between the capacitor voltage ripple and the withstand voltage 
of the switching device Vdevice. Thus, a boost-up capacitor has 
to be designed to minimize capacitance under the limitation of 
Vdevice. The design equation of Cbst is expressed as in (7).  
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In this paper, the Vc_max
* and the Vdevice are set to 270 V and 

310 V against the Edc=150 V, respectively. The 50 F of the 

capacitor is selected by (7) since the Qc_diff_max is 193 C. 
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Fig.5 Determination flowchart of switching pattern 

   for capacitor voltage control. 
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Fig.6 Design flow chart of boost-up capacitor. 



IV. EXPERIMENTAL RESULTS 

In this section, the experimental system validates the 
steady-state response and transient response of the motor 
applying the proposed circuit. The effectiveness, which is the 
design method of the boost-up capacitor and the voltage 
control are demonstrated by two experimental results.  

Table I shows the motor parameters of SRM. The test 
motor is a three-phase 18S/12P type SRM, of 1.1 kW, 2400 
rpm (=1.0p.u.), and 4.38 Nm (=1.0p.u.). 

Figure 7 displays the experimental system. The load motor 
outputs the arbitrary constant speed. Note that the bandwidth 
is set to 0.5 A in the hysteresis current control.  

Figure 8 shows the command waveform generated by the 
flowchart of Fig.6. These waveforms are the current command 
and the voltage command at base speed and rated torque. The 
phase shifts half-electric period in case of regenerating. Note 
that the boost area is set to widely in order to easy to 
experiment simplicity because the Sc always turns on between 
two of the boost areas.  

A. Steady State Response of Proposed Inverter 

Figure 9 shows the comparison results of the operating 
waveforms when base speed and rated torque. Speed. The 
phase current does not follow the current command because 
the di/dt is limited to the DC link voltage, in Fig.9(a). The 
phase voltage is only applied to 150 V, even though it is the 
boost area. On the other hand, the phase current follows the 
current command accurately by the proposed circuit in the 
boost area, as shown in Fig.9(b). The capacitor voltage ripple 
in the boost area is within the designed value of 270 and 310 
V. The error of 4 V occurs between the lower limit of the 
voltage ripple and the capacitor voltage command. 

Figure 10 shows the capacitor voltage waveform at four 
electric periods. Fig.10 indicates the period in which the 
capacitor voltage keeps 270 V or not. As shown in Fig.6, the 
Sc always turns off when the detected capacitor voltage is less 
than 270 V outside the boost area. Thus, the capacitor voltage 
keeps 266 V because the influence of the detection error 
causes the error. Similarly, the capacitor voltage ripples at 
each period are different due to changing the section in which 
the capacitor voltage is charged, by detection error. Therefore, 
the effectiveness of the capacitor voltage control is 
demonstrated. 

Figure 11 shows the comparison results of the operating 
waveforms during regenerating at base speed and rated torque. 
The capacitor voltage became the maximum at this operating 
point. Therefore, the capacitor voltage ripple is verified by the 
operation point, Vc_diff_max, used for the design method. Fig 
11(a) indicates that the phase current matches the current 
command thanks to the boost function such as in Fig. 9(a). As 
shown in Fig.11(b), The capacitor voltage ripple, which is 
34.6 V, matches the designed value with an error of -13.5%. 
Therefore,  the above experiment results validate the proposed 
design method of the boost-up capacitor and the capacitor 
voltage control.  

B. Transient Response of Proposed Inverter 

Figure 12 shows the operating waveform of the torque step 
response. The torque command is changed from 0.67p.u. to 
1.0p.u. at base speed. As shown in Fig.12, the phase current 
follows the current command accurately. The capacitor 
voltage waveform shows the capacitor voltage control is 

accurate at the transient response because the fluctuation of 
the capacitor voltage is within the design value in case of the 
torque command change.  

Table I. Moter parameter of SRM. 
Rated power

Base speed(1.0p.u.), Max. speed
1.1 kW

2400, 3600 rpm
Max. torque(1.0p.u.) 4.38 Nm

DC link voltage
Poles

150 V
Stator:18, Rotor:12

Resistance 0.66 W
Rated current(1.0p.u.) 11.5 A  

 
Test SR motor

(torque control)

Load motor

(speed control)

 
Fig. 7 Experimental system. 
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(a) Current command at motoring. 
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(b) Voltage command at motoring. 
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(c) Voltage command at regenerating. 

Fig. 8 Command waveforms in the experiments. 

 



V. CONCLUSION 

 This paper proposes the novel topology of the proposed 
inverter for the SRM without additional inductor. The 
proposed inverter consists of the AHB converter and the boost 
function using the capacitor. The boost-up capacitance is 
derived from the designed capacitor voltage ripple and the 
electric charge determined by the current command. The 
experimental results reveal the effectiveness of the capacitor 
voltage control in the proposed inverter since the phase current 
follows the command current under various conditions due to 
the boost function. In addition, the boost operation with the 
proposed inverter is realized in all operating areas. The 
capacitor voltage ripple matches the designed value with an 
error of -13.5%. Therefore, the validity of the design method 
of the boost-up capacitor is confirmed. In future work, the 
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(b) Waveforms with boost function 

Fig.9 Operating waveform during motoring. 

at 1.0 torque and 1.0 speed. 
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Fig.10 capacitor voltage waveforms  

at four electric periods.  

-300

-150

0

150

300

0

5

10

15

20

25

Real current
Command

-300

300

150

-150

0

0

25

20

10

15

5

P
h
a
se

 v
o
lt

a
g
e
 [

V
]

P
h
a
se

 c
u

rr
en

t [
A

]

0.4ms/div

boost area

Current error occurs

 
(a) Waveforms without boost function 

260

270

280

290

300

310

320

0

5

10

15

20

25

-400

-300

-200

-100

0

100

200

300

400

Real current
Command

C
a
p
a
c
it

o
r 

v
o

lt
ag

e
 [

V
]

0.4ms/div

0

-400

400

200

-200

0

0

25

20

10

15

5

P
ha

se
 v

ol
ta

ge
 [

V
]

P
h
a
se

 c
u

rr
en

t 
[A

]
C

a
p
a
c
it

o
r 

v
o

lt
ag

e
 [

V
]

260

320

300

290

280

270

34.6 V

boost area

310

Current error is suppressd

one electric cycle

Designed voltage ripple is 40 V
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Fig.11 Operating waveform during regenerating 

at 1.0 torque and 1.0 speed. 



number of devices in the boost function will be reduced, and 
the boost-up capacitance will be minimalized.  
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Fig.12 Operating waveform during changing torque 

command from 0.67p.u. to 1.0p.u. 


