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Abstract

The transition to sustainable transportation from conventional internal combustion engine-
based vehicles to electric vehicles has gained significant momentum in recent years. This
shift is driven by the need to reduce greenhouse gas emissions, mitigate climate change,
and promote sustainable transportation alternatives. However, one critical aspect that
remains a challenge for widespread electric vehicle adoption is the long charging time and
availability of efficient and convenient charging infrastructure. This necessitates the need
for convenient charging processes and robust charging infrastructure.

Consequently, onboard chargers integrated into electric vehicles offer an AC-charging
solution with bidirectional power flow capabilities, enabling electric vehicle batteries
to power external devices and homes or contribute to the electric grid. However, the
adoption of bidirectional onboard chargers presents new challenges in power converter
design, requiring high-efficiency, compact, and cost-competitive solutions.

Therefore, Chapter 1 begins with a brief motivation for the topic of electric mobility.
The landscape of electric vehicle charging infrastructure, charging methods and state-of-
the-art onboard electric vehicle charging concepts are summarized.

In Chapter 2, an overview of the state-of-the-art converter topologies for onboard EV
charging applications is presented. Among these, single-stage structure-based converter
topologies provide better electrical and volumetric efficiency than the two-stage counterpart.
Building on this observation, the L-L type isolated current-fed dual-active bridge converter
with bidirectional capability is selected for the onboard EV charging applications.

Following this, the grid-to-vehicle operational mode of the L-L type isolated current-
fed dual-active bridge converter is discussed in Chapter 3. The state-of-the-art secondary
side modulation techniques for active current commutation are evaluated. An improved
discontinuous current phase shift modulation is proposed to reduce the circulating current
flowing through the high-frequency transformer windings throughout the grid cycle and
light load conditions. Additionally, a universal input charger concept with both AC and
DC input power source compatibility is also demonstrated.

The objective and concept of vehicle-to-home operational mode in an onboard electric
vehicle charger is discussed in Chapter 4. The bidirectional capability of the single-stage
L-L type isolated current-fed dual-active bridge converter is explored for vehicle-to-home

application. A new sinusoidal phase shift modulation is proposed to generate a well-
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regulated AC voltage across residential loads in the event of a grid outage. The overall
control structure in terms of power flow during grid-to-vehicle, vehicle-to-home operational
modes, grid-outage detection, and mode transition are discussed.

The concept of single and three-phase grid adaptable onboard electric vehicle chargers
is investigated in Chapter 5. Building on this concept, a modular single and three-phase
grid adaptable based on the L-L type isolated current-fed dual-active bridge converter
is proposed. This proves to be a commercially viable solution as a single converter
provides users with the convenience of using both single-phase domestic utility outlets
and commercial three-phase charging ports.

Finally, Chapter 6 summarizes and concludes the main contribution of the thesis and

presents an outlook on possible future research work.
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gTeT &b guf H YRURD TR g o1 UTRA Tl I gelfave dargdl ol 3R
FURUT gRaed H geard 4 Hecayel 7Tfd 9T 6l &1 I dada MHeRd 19
3G Pl BH B, STeTdrg TR Bl B e 3R FURT qRagT fabed]
BT ggTdT 3 B 3TaTHar ¥ WRA 21 ETAId, T Hecdyrl Uge ST ATIE Hu
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3T 2 § 3{HaIE SdT TSI 31U & feQ 3T B TSt Bl
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v



goh MR B RSfadl # 3= 3qfd arel SABIAR a1sfeT & "regd & Ydifed g
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