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Abstract 

The increasing adoption of electric vehicles (EVs) has created a growing de-
mand for efficient bidirectional power conversion systems capable of support-
ing battery charging and energy transfer from the battery to the DC bus. This 
paper presents the design, mathematical modeling, and simulation of a non-
isolated bidirectional buck-boost DC-DC converter for EV battery applica-
tions. The converter is designed for a rated power of 5 kW using a 350 V lith-
ium-ion battery and a 450 V DC bus, with a switching frequency of 5 kHz. The 
passive components are analytically designed based on the specified operating 
conditions and continuous conduction mode (CCM) requirements. A closed-
loop proportional-integral (PI) current controller is employed to regulate the 
battery current and enable bidirectional power flow between the battery and 
the DC bus. The converter performance is evaluated under different current-
reference levels and during a dynamic transition between discharging and 
charging modes. The simulation results demonstrate effective current tracking 
and successful reversal of power flow, as indicated by the battery-current di-
rection and corresponding state-of-charge response. The battery voltage re-
mains stable during the operating-mode transition, while the inductor-current 
response is evaluated to verify CCM operation. The results demonstrate the 
feasibility of the proposed PI-controlled bidirectional DC-DC converter as a 
DC-side battery interface for EV charging and energy-transfer applications.  
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1. Introduction 

The rapid growth of electric vehicles (EVs) has increased demand for efficient, 
compact, and controllable power electronic conversion systems that manage en-
ergy transfer between high-voltage battery packs and DC power buses. In EV 
powertrains and charging systems, DC-DC converters provide an important in-
terface for voltage adaptation and controlled battery power flow. When bidirec-
tional operation is incorporated, the converter can support energy transfer in both 
directions, enabling battery charging as well as battery-to-DC-bus power delivery 
for applications such as regenerative energy recovery and bidirectional energy 
management [1]-[3]. Recent studies have therefore placed considerable emphasis 
on bidirectional DC-DC converter topologies and their control strategies for EV 
and energy-storage applications. 

Bidirectional DC-DC converters can generally be categorized into isolated and 
non-isolated configurations. Isolated converters provide galvanic isolation and 
are particularly attractive in applications where electrical safety and large voltage-
conversion ratios are required. However, the additional transformer and switch-
ing components increase circuit complexity and influence converter size, cost, and 
control requirements. Non-isolated bidirectional converters offer a comparatively 
simple structure with fewer components and are therefore attractive for battery-
to-DC-bus interfaces where galvanic isolation is not required at the investigated 
conversion stage [1] [4] [5]. Among these configurations, buck-, boost-, and buck-
boost-derived bidirectional converters remain important candidates because of 
their ability to achieve controlled step-down and step-up operation while allowing 
reversal of power flow. Bidirectional buck-boost converters, in particular, have 
been investigated for battery-charging applications because they enable both step-
down and step-up voltage conversion while supporting bidirectional power flow 
[4]. Among these configurations, buck-, boost-, and buck-boost-derived bidirec-
tional converters remain important candidates because of their ability to achieve 
controlled step-down and step-up operation while allowing reversal of power 
flow. 

In a bidirectional battery interface, the converter typically operates in different 
modes according to the required direction of energy transfer. During battery 
charging, energy is transferred from the DC bus toward the battery, whereas dur-
ing battery discharging, the stored battery energy is transferred toward the DC 
bus. The switching converter must therefore provide not only the required voltage 
conversion but also controlled current flow during both operating modes. Current 
regulation is particularly important for lithium-ion batteries because the charging 
and discharging currents directly influence battery power transfer and state-of-
charge (SOC) evolution. In EV battery chargers, controlled-current operation 
forms an important part of the battery-side power-conversion process. 

Various control strategies have been investigated for DC-DC converters in EV 
and energy-storage applications, ranging from conventional proportional-inte-
gral (PI) controllers to more advanced, optimized techniques. For instance, opti-
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mization-based approaches have been employed to improve PI-controller perfor-
mance in EV-related converter applications [6]. Although advanced and opti-
mized approaches can provide improved dynamic performance and robustness, 
they may require greater computational complexity and additional tuning proce-
dures. In contrast, PI control remains attractive as a baseline control strategy be-
cause of its simple structure, ease of implementation, and relatively low computa-
tional requirements. Current-controlled bidirectional converters have also been 
investigated specifically for lithium-ion battery applications, demonstrating the 
importance of accurate battery-current regulation during bidirectional operation 
[2]. 

For EV applications, current control can be implemented as an inner control 
function that regulates the inductor or battery current according to a specified 
reference. Previous work has demonstrated that current-controlled bidirectional 
DC-DC conversion can facilitate controlled energy transfer between an EV bat-
tery and a high-voltage DC bus, while more elaborate architectures may incorpo-
rate an additional outer voltage-regulation loop [5]. For the present investigation, 
a PI-based closed-loop current-control strategy is adopted to provide a straight-
forward assessment of current tracking and bidirectional power-flow reversal 
without introducing the additional complexity of advanced control algorithms. 

This study, therefore, presents the design, mathematical modeling, and simula-
tion of a 5 kW non-isolated bidirectional buck-boost DC-DC converter for an EV 
battery-to-DC-bus interface. The converter interfaces a 350 V nominal lithium-
ion battery with a 450 V DC bus and operates at a switching frequency of 5 kHz. 
The passive components are analytically designed according to the selected oper-
ating conditions and continuous conduction mode (CCM) requirements. A 
closed-loop PI current controller is implemented to regulate the battery current 
during both directions of power transfer. The converter is evaluated at different 
current-reference levels and under a dynamic reversal between discharging and 
charging operations. Battery current tracking, battery-voltage response, SOC var-
iation, DC-bus behavior, and inductor-current characteristics are examined to as-
sess the effectiveness of the proposed system and to verify CCM operation. 

2. Methodology 
2.1. Converter Design and Mathematical Modeling 

The bidirectional DC-DC converter considered in this study is designed as a non-
isolated battery-to-DC-bus power interface for electric vehicle charging applica-
tions. The converter employs a synchronous half-bridge configuration that enables 
bidirectional energy transfer between a lithium-ion battery and a higher-voltage DC 
bus. During the charging operation, the converter operates in buck mode to transfer 
energy from the DC bus to the battery, whereas during the discharging operation, it 
operates in boost mode to transfer energy from the battery to the DC bus. 

The converter is designed for a rated power of 5 kW with a nominal battery 
voltage of 350 V and a DC-bus voltage of 450 V. A switching frequency of 5 kHz 
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is selected for the semiconductor switches. The main design specifications are 
summarized in Table 1.  
 
Table 1. Design specifications of the bidirectional DC-DC converter. 

Parameter Symbol Value 

Rated power rP  5 kW 

Nominal battery voltage batV  350 V 

DC-bus voltage dcV  450 V 

Switching frequency sf  5 kHz 

Switching period sT  200 μs 

Rated battery current ,bat rI
 14.29 A 

Allowable inductor-current ripple LI∆  20% of rated current 

 
The rated battery current is determined from the rated converter power and 

nominal battery voltage as 

 ,
5000 14.29 A
350

r
bat r

bat

PI
V

= = =  (1) 

During battery charging, the converter operates in buck mode. Under ideal 
steady-state conditions, the nominal buck duty ratio is expressed as 

 350 0.778
450

bat
buck

dc

VD
V

= = =  (2) 

Therefore, the nominal duty ratio for buck operation is approximately 0.778. 
During battery discharging, the converter operates in boost mode. The corre-

sponding nominal duty ratio is 

 3501 1 0.228
450

bat
boost

dc

VD
V

= − = − =  (3) 

The nominal duty ratio for boost operation is approximately 0.222. 
The converter is designed to operate in continuous conduction mode (CCM), 

where the inductor current remains continuous throughout each switching pe-
riod. An allowable peak-to-peak inductor-current ripple of 20% of the rated bat-
tery current is selected: 

 ( ),0.2 0.2 14.29 2.86 AL bat rI I∆ = = =  (4) 

For buck operation, the required inductance can be determined from 

 ( ) ( )
( )( )

3450 350 0.778
5.44 10

2.86 5000
dc bat buck

min
L s

V V D
L

I f
−− − ×

= = = ×
∆

 (5) 

Hence, the calculated inductance is approximately 5.5 mH. The selected induct-
ance limits the current ripple while supporting CCM operation at the rated oper-
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ating point. The validity of the CCM assumption is subsequently verified from the 
simulated inductor-current waveform in the Results and Discussion section. 

The DC-link capacitor is used to reduce the voltage ripple at the DC bus and to 
provide short-term energy buffering during converter switching. The capacitance 
is designed based on the allowable DC-bus voltage ripple during boost operation, 
which represents the battery-to-DC-bus power-transfer condition. The average 
DC-bus current at the rated power is calculated as 

 5000 11.11 A
450

r
dc

dc

PI
V

= = =  (6) 

The allowable DC-bus voltage ripple is selected as 1% of the nominal DC-bus 
voltage: 

 ( ) ( )0.01 0.01 450 4.5 Vdc dcV V∆ = = =  (7) 

For boost-mode operation, the minimum DC-link capacitance can be approxi-
mated by 

 ( )
( )( )

6
,

11.11 0.222
109.6 10

5000 4.5
dc boost

dc min
s dc

I DC
f V

−= = = ×
∆

 (8) 

A capacitance higher than the calculated minimum is selected to provide addi-
tional margin for DC-bus voltage-ripple suppression. Therefore, the selected DC-
link capacitance is 220 μF. The selected value is approximately twice the calculated 
minimum capacitance and provides additional filtering margin during switching 
and bidirectional power-flow transition. 

A capacitor is also connected across the battery-side terminal to attenuate high-
frequency switching components and reduce the voltage ripple applied to the bat-
tery. Unlike the DC-link capacitor, the battery-side capacitor is sized based on the 
inductor-current ripple and the allowable battery-terminal voltage ripple. For the 
present design, the allowable battery-side voltage ripple is selected as 0.5% of the 
nominal battery voltage: 

 ( ) ( )0.005 0.005 350 1.75 Vbat batV V∆ = = =  (9) 

Assuming a triangular inductor-current ripple, the minimum battery-side ca-
pacitance can be estimated as 

 
( )( )

6
,

2.86 40.86 10
8 8 5000 1.75

L
bat min

s bat

IC
f V

−∆
= = = ×

∆
 (10) 

The required capacitance becomes 40.86 μF. A higher practical value is selected 
to provide sufficient filtering margin; we choose 100 μF. The selected battery-side 
capacitor reduces the high-frequency voltage ripple at the battery terminals with-
out directly determining the average battery charging or discharging current. A 
small series resistance of 1 × 10−4 Ω was included in the passive branches to rep-
resent non-ideal component characteristics and facilitate numerical simulation. 
The calculated and selected converter parameters are summarized in Table 2. 
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Table 2. Calculated and selected design parameters of the bidirectional DC-DC converter. 

Parameter Symbol Calculated Value Selected Value 

Rated battery current ,bat rI
 14.29 A 14.3 A 

Buck duty ratio buckD  0.778 - 

Boost duty ratio boostD  0.222 - 

Current ripple LI∆  2.86 A - 

Inductor L  5.44 mH 5.5 mH 

DC-link capacitor dcC  109.6 µF minimum 220 µF 

Battery-side capacitor batC  40.9 µF minimum 100 µF 

Series resistor sR  - 1 × 10−4 Ω 

Switching frequency sf  - 5 kHz 

 
Figure 1 shows the MATLAB/Simulink implementation of the proposed non-

isolated bidirectional DC-DC converter based on the calculated design parame-
ters. The model was implemented with a discrete simulation step of 1 μs. 
 

 

Figure 1. MATLAB/Simulink model of the bidirectional DC-DC power converter. 

Battery Model and Parameters 
A lithium-ion battery model was employed to represent the EV battery pack in 
the simulation. The battery was configured with a nominal voltage of 350 V and a 
rated capacity of 100 Ah, corresponding to a nominal energy capacity of 52.5 
kWh. The battery energy capacity is expressed as 

 bat bat batE V Q=  (11) 

where batV  is the nominal battery voltage and batQ  is the rated battery capacity. 
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Thus, ( )( )350 100 35 kWhbatE = = .  
An initial SOC of 60% was selected to provide sufficient operating range for 

evaluating both charging and discharging conditions. The battery response time 
was set to 30 s, while temperature and aging effects were excluded to focus on the 
electrical behavior of the proposed converter. The battery parameters used in the 
simulation are summarized in Table 3. 
 
Table 3. Battery model parameters. 

Symbol Components 

Battery type Lithium-Ion 

Nominal voltage 350 V 

Rated capacity 100 Ah 

Initial SOC 60% 

Fully charged voltage 407.4 V 

Cut-off voltage 262.5 V 

Nominal discharge current 43.48 A 

Internal resistance 0.035 Ω 

Capacity at nominal voltage 90.43 Ah 

Battery response time 30 s 

 
The battery terminal voltage varies with the battery operating condition rather 

than remaining fixed at its nominal value. Consequently, the measured terminal 
voltage may differ from the nominal value of 350 V during charging and discharg-
ing due to the battery discharge characteristics, SOC, internal resistance, and the 
direction and magnitude of the battery current. The SOC was obtained directly 
from the built-in lithium-ion battery model in MATLAB/Simulink based on the 
battery current and specified battery capacity; no separate SOC estimation algo-
rithm was implemented in this study. 

2.2. Converter Operating Modes 

The proposed bidirectional DC-DC converter operates in two modes according 
to the direction of power flow between the DC bus and the EV battery. Referring 
to the converter topology in Figure 1, charging is achieved through buck opera-
tion, whereas discharging is achieved through boost operation. The direction of 
operation is determined by the battery-current reference applied to the closed-
loop current controller. In this study, the battery-current sign convention is de-
fined as 

 0 for charging, 0 for dischargingbat batI I> <  (12) 

The general operating principle of a non-isolated bidirectional DC-DC con-
verter is illustrated in Figure 2. The schematic is intended to provide a simplified 
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representation of the bidirectional power-flow mechanism rather than the exact 
configuration of the proposed simulation model shown in Figure 1. In general, 
charging is achieved through buck operation with power transferred from the DC 
bus to the battery, whereas discharging is achieved through boost operation with 
power transferred from the battery to the DC bus. 
 

 

Figure 2. General operating principle of a bidirectional DC-DC converter: (a) charging (buck mode) and (b) discharging (boost 
mode). 

2.2.1. Charging Operation (Buck Mode) 
During charging, power is transferred from the 450 V DC bus to the EV battery. 
The converter operates in buck mode to reduce the DC-bus voltage to the required 
battery-side voltage while regulating the charging current according to the speci-
fied negative current reference. Energy transfer is controlled through the comple-
mentary switching action of the two semiconductor switches. During charging, 
power is transferred from the 450 V DC bus to the EV battery. Since the DC-bus 
voltage is higher than the battery voltage, the converter operates in buck mode. 
The two semiconductor switches are driven by complementary PWM signals to 
regulate the battery current according to the specified positive current reference. 
Based on the adopted sign convention, 0batI >  represents battery charging. 

2.2.2. Discharging Operation (Boost Mode) 
During discharging, the direction of power flow is reversed, with energy trans-
ferred from the EV battery to the higher-voltage DC bus. The converter therefore 
operates in boost mode, where the battery-side voltage is stepped up to the DC-
bus voltage. Based on the adopted current sign convention, a negative battery cur-
rent, 0batI < , represents a discharging operation. The battery current is regulated 
according to the specified positive current reference through the closed-loop cur-
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rent controller. The complementary switching action of the semiconductor switches 
controls the energy stored and released by the inductor, thereby enabling regu-
lated power transfer from the battery to the DC bus. 

2.3. Closed-Loop Cascaded Control Implementation 

A closed-loop PI current controller is employed to regulate the battery current 
during both charging and discharging operations. The control structure uses the 
battery-current reference, refI , as the command input, while the measured bat-
tery current, batI , is fed back to the controller. The current error is defined as 

 ( ) ( ) ( )ref bate t I t I t= −  (13) 

The current error is processed by a continuous-time PI controller to generate 
the duty-cycle command. The controller transfer function is expressed as 

 ( ) ( )i
p

KD s K E s
s

 = + 
 

 (14) 

where pK  and iK  are the proportional and integral gains, respectively, ( )E s  
represents the current error in the Laplace domain, and D represents the duty-
cycle command supplied to the PWM generator. The PI controller output, repre-
senting the duty-cycle command, was constrained within the range 0 1D≤ ≤  
prior to PWM generation, corresponding to a duty-cycle range of 0% - 100%. 

The PI controller gains were determined using an iterative trial-and-error tun-
ing approach. The proportional gain, pK , was initially adjusted to obtain a suffi-
ciently fast current-tracking response, while the integral gain, iK , was subse-
quently tuned to minimize the steady-state current error. The gains were itera-
tively refined by observing the transient response, steady-state error, and current 
oscillations under both charging and discharging conditions. The same PI current 
controller is employed for both charging and discharging operations, with the di-
rection of power flow determined by the sign of the reference current as defined 
in (12). The PI controller parameters used in this study are summarized in Table 
4. 
 
Table 4. PI current-controller parameters. 

Control Loop KP KI Switching Frequency Duty Cycle Limit 

Battery current PI controller 1.5 25 5 kHz 0 - 1 

 
The duty-cycle command generated by the PI controller is subsequently con-

verted into the PWM signal, PWM1, which is applied to the upper semiconductor 
switch, S1. The complementary switching signal, PWM2, is generated from PWM1 
and applied to the lower switch, S2. This complementary switching arrangement 
ensures coordinated operation of the two semiconductor switches and enables 
controlled energy transfer through the converter inductor. The switching action 
is continuously adjusted according to the duty-cycle command produced by the 
PI controller in response to the battery-current error. Consequently, the measured 

https://doi.org/10.4236/jpee.2026.149001


M. Z. Razali et al. 
 

 

DOI: 10.4236/jpee.2026.149001 10 Journal of Power and Energy Engineering 
 

battery current is regulated toward the specified reference current during both 
charging and discharging operations. The conceptual closed-loop current-control 
structure is illustrated in Figure 3. 
 

 

Figure 3. Closed-loop PI current-control structure of the bidirectional DC-DC converter. 
 

The corresponding MATLAB/Simulink implementation of the current-control 
scheme is shown in Figure 4. 
 

 

Figure 4. MATLAB/simulink implementation of the proposed PI current controller. 
 

Figure 4 presents the MATLAB/Simulink implementation of the proposed 
closed-loop current-control scheme. The current-reference selector is used to 
switch between the predefined charging and discharging current references. The 
selected reference, refI , is compared with the measured battery current, batI , and 
the resulting current error is processed by the PI controller. The controller output 
determines the duty-cycle command for the 5 kHz PWM generator, which pro-
duces PWM1 for the upper switch. The complementary signal, PWM2, is gener-
ated from PWM1 and applied to the lower switch. This implementation enables a 
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single PI current-control loop to regulate the battery current during both direc-
tions of power transfer. 

During mode reversal, the current-reference selector changes the battery-cur-
rent reference between the charging and discharging commands while the same 
PI current controller remains active. For the rated operating condition considered 
in this study, the current reference is constrained within −14.3 A to +14.3 A. No 
explicit integrator reset or hold mechanism is applied during the transition. The 
complementary switching signal, PWM2, is generated directly from PWM1. 

An explicit dead-time circuit is not included in the present simulation model. 
Therefore, the present switching implementation is intended to evaluate the con-
verter-level current-control behavior, while practical dead-time implementation 
and associated switching-device protection are beyond the scope of this simula-
tion study. 

3. Result and Discussion 

The performance of the bidirectional DC-DC converter was evaluated under three 
battery-current reference levels of ±5 A, ±10 A, and ±14.3 A. The highest current 
magnitude of 14.3 A corresponds to the rated operating current of the 5-kW con-
verter based on the nominal battery voltage of 350 V. The lower current levels 
were included to assess the current-control performance under different power-
transfer conditions. For all simulation cases, the initial battery SOC was set to 
60%, and the total simulation time was 10 s. 

Based on the battery-current measurement orientation adopted in the simula-
tion model, a negative battery current represents a discharging operation, whereas 
a positive battery current represents a charging operation. Accordingly, the con-
verter was initially operated in discharging mode using negative current refer-
ences. At t = 5 s, the reference polarity was reversed to the corresponding positive 
value to initiate the charging operation. This test condition was applied consist-
ently at all three current levels to evaluate the bidirectional current-tracking capa-
bility and the battery response during mode reversal. 

3.1. Bidirectional Current-Tracking and Battery Response 

Figure 5 presents the converter response for a current-reference reversal from −5 
A to +5 A. During the first 5 s, the measured battery current remains close to −5 
A, demonstrating stable current regulation during discharging. At t = 5 s, the ref-
erence is changed to +5 A, and the battery current rapidly follows the new oper-
ating command and remains close to the desired charging current. No sustained 
oscillation is observed following the mode reversal. 

The battery terminal voltage responds consistently to the change in current di-
rection. During the discharging interval, the terminal voltage decreases gradually 
from approximately 377.6 V to 377.4 V. Following the transition to charging at t 
= 5 s, an increase in terminal voltage is observed, after which the voltage gradually 
rises during the charging interval. The SOC response provides further confirma-
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tion of the bidirectional power-flow behavior. The SOC decreases during dis-
charging and reaches its minimum value at the mode-reversal instant before in-
creasing during charging. The relatively small SOC variation is expected because 
of the 100 Ah battery capacity and the short simulation interval. 

Figure 6 shows the corresponding responses for a current-reference reversal 
from −10 A to +10 A. The measured battery current closely follows the com-
manded value in both operating modes. Prior to t = 5 s, the current is maintained 
at approximately −10 A during discharging. Following the reference reversal, the 
current changes to approximately +10 A and remains regulated around the charg-
ing-current reference. The response indicates that the same PI controller can reg-
ulate the battery current at a higher current magnitude without requiring control-
ler retuning. 
 

 

Figure 5. Battery responses during current-reference reversal from −5 A to +5 A: (a) battery cur-
rent, (b) battery terminal voltage, and (c) SOC (%). 

 

 

Figure 6. Battery responses during current-reference reversal from −10 A to +10 A: (a) battery 
current, (b) battery terminal voltage, and (c) SOC (%). 
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Compared with the ±5 A case, the higher current magnitude produces a more 
noticeable change in battery terminal voltage and SOC. The terminal voltage de-
creases during the discharging interval and exhibits an upward change when the 
converter switches to charging mode. Similarly, the SOC decreases more rapidly 
during discharging and subsequently increases during charging. These trends are 
consistent with the increased magnitude of battery current and, therefore, the 
higher rate of energy transfer. 

Figure 7 presents the converter performance at the rated current-reference mag-
nitude of 14.3 A. During the initial discharging interval, the battery current is regu-
lated close to −14.3 A. At t = 5 s, the reference is reversed to +14.3 A, producing a 
rapid transition from discharging to charging operation. A small transient is ob-
served immediately after the mode reversal before the current converges to the 
commanded charging level. The current subsequently remains stable around the 
reference value, demonstrating that the PI controller is capable of regulating the 
converter at its rated current condition. 
 

 

Figure 7. Battery responses during current-reference reversal from −14.3 A to +14.3 A: (a) battery 
current, (b) battery terminal voltage, and (c) SOC (%). 

 
The effect of the higher current magnitude is also evident in the battery terminal 

voltage. During discharging, the voltage gradually decreases and reaches its lowest 
value immediately before the mode transition. When the current direction is re-
versed, the terminal voltage increases abruptly due to the change in current direc-
tion and subsequently rises gradually during charging. The SOC exhibits the same 
expected trend, decreasing from its initial value during discharging and increasing 
after the transition to charging. Among the three investigated operating condi-
tions, the ±14.3 A case produces the largest SOC variation because it corresponds 
to the highest battery-current magnitude. 
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Overall, the results in Figures 5-7 demonstrate consistent bidirectional current 
regulation over the investigated range of ±5 A to ±14.3 A. The same PI controller 
successfully tracks the different current-reference levels and maintains stable op-
eration before and after the discharging-to-charging transition. Increasing the 
current-reference magnitude results in greater changes in battery terminal voltage 
and SOC, as expected due to increased power transfer. More importantly, the 
measured battery current matches the commanded current direction and magni-
tude across all three operating conditions, demonstrating the effectiveness of the 
proposed closed-loop current-control strategy for the DC-bus battery interface 
investigated. 

3.2. Switching and Inductor Current Characteristics 

The switching behaviour and inductor-current characteristics were examined un-
der the rated current condition of 14.3 A for both power-flow directions. Figure 
8 and Figure 9 present the PWM signals applied to the upper and lower semicon-
ductor switches together with the corresponding inductor current, LI , during 
discharging and charging operations, respectively. The two gate signals exhibit 
complementary switching behaviour, whereby PWM2 is the logical complement 
of PWM1. This switching pattern is consistent with the PWM implementation 
described in Section 2.3. 

Figure 8 shows the switching characteristics during rated discharging operation 
at 14.3 ArefI = − . The inductor current remains negative and fluctuates around 
the rated discharging-current level. Although switching ripple is present, LI  re-
mains continuous throughout the observed interval and does not approach or 
cross zero. This indicates that the converter operates in continuous conduction 
mode (CCM) under the rated discharging condition. 
 

 

Figure 8. Switching and inductor-current characteristics during rated discharging operation at Iref = −14.3 
A: (a) PWM1, (b) PWM2, and (c) inductor current IL. 
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Figure 9. Switching and inductor-current characteristics during rated charging operation at Iref = +14.3 A: 
(a) PWM1, (b) PWM2, and (c) inductor current IL. 

 
Figure 9 presents the corresponding behaviour during rated charging operation 

at 14.3 ArefI = + . The polarity of the inductor current is reversed compared with 
the discharging condition, with LI  remaining positive around the rated charg-
ing-current level. Similar to the discharging case, the inductor current remains 
continuous throughout the switching interval without reaching zero. Therefore, 
CCM operation is also maintained during rated charging. 

The results in Figure 8 and Figure 9 demonstrate that continuous inductor-
current operation is maintained in both directions of power flow at the rated cur-
rent condition. The current polarity changes according to the operating mode, 
while the complementary switching strategy remains unchanged. These results 
support the suitability of the selected converter parameters for bidirectional oper-
ation under the investigated rated condition.  

4. Conclusions 

This study presented the modeling and simulation of a non-isolated bidirectional 
buck-boost DC-DC converter for a DC-bus battery interface. A closed-loop PI 
current controller was implemented to regulate the bidirectional battery current, 
with complementary PWM signals used to drive the converter switches. The con-
verter performance was evaluated at current-reference levels of ±5 A, ±10 A, and 
±14.3 A, with the current direction reversed from discharging to charging at 5 s. 

The simulation results demonstrate that the battery current follows the com-
manded reference under all investigated current levels and maintains stable oper-
ation following the mode reversal. The corresponding battery voltage and SOC 
responses are consistent with the direction and magnitude of battery current, with 
SOC decreasing during discharging and increasing during charging. At the rated 
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current of ±14.3 A, the inductor current remains continuous in both power-flow 
directions, demonstrating CCM operation under the investigated rated condition. 
Overall, the results demonstrate the capability of the proposed converter and PI 
current-control scheme to provide controlled bidirectional power transfer between 
the DC bus and battery over the investigated operating range. 

The present study is limited to the DC-side battery interface and does not in-
clude a grid-side converter, AC-grid model, or grid-side control. In addition, prac-
tical switching effects such as semiconductor nonidealities and dead time were not 
explicitly considered. Future work will therefore focus on experimental validation 
of the proposed converter and controller, including practical switching effects and 
evaluation under a wider range of battery and load operating conditions. 
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