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Introduction 

 To provide stabilization of the utility power supply during 

peak-load times, the use of off-line EV batteries for energy 

buffering has been proposed 

 An On-Board Bidirectional Charger (OBBC) is required to 

allow efficient battery charging (G2V) from any mains 

outlet, whilst enabling power to be fed back to the grid 

(V2G) pursuant to necessary standards 

 There must be significant investigation into the weight, cost 

and efficiency trade-offs between the existing/emergent 

technologies: 

 Low frequency grid-tied technologies (making use of infrastructure 

already on-board the EV  -  Motor inverter) 

 Use of high frequency resonant DC-DC converter technologies for 

additional compact OBBC 



Safety Issues and Specification 

 In both cases galvanic isolation is imperative for safety, 

and a 2.2kW design for a µClass EV is selected for initial 

topology comparison for the following specifications: 



On-Board Bidirectional Chargers - LFT 

 The three-phase motor prevalent in EVs is supplied from 

the DC-link of the traction battery by a three-phase 

inverter, typically a 6-step switch controlled IGBT pack 



On-Board Bidirectional Chargers - LFT 

 These inverter packs can be operated bidirectionally by 

controlling the switching intervals to produce a stable DC 

output voltage from the grid (or vice versa) 

 

 Due to grid interface requirements and need for galvanic 

isolation, a Low Frequency Transformer (LFT) and 

filter/Power Factor Control system (PFC) must be used to 

couple the grid to the EV’s inverter 

 

 A grid-tied single-phase AC-DC PWM converter is 

therefore implemented making “free” use of four of the 

motor inverter switches as a H-bridge with an extra Low 

Frequency Transformer for isolation: 

 



 Leakage inductance of 50Hz LFT responsible for power 

transfer between H-bridge and grid – OPTIMISATION  

 PWM and current-control loop controls direction of power 

flow for G2V or V2G modes 

 

 

 

 

 

 

 DC-link capacitor (Cf) filters out high frequency switching 

harmonics and second harmonic of single phase supply 

On-Board Bidirectional Chargers - LFT 



 Transformer turns ratio of 4:1 chosen to satisfy battery 

voltage requirements from grid 

 Considering phasor relationship of voltages and currents, 

an optimum transformer leakage inductance for operation 

as close to unity power factor at full power with Total 

Harmonic Distortion <5% is obtained – 10.3mH primary 

 Transformer is then optimised in terms of weight and 

efficiency in an iterative process considering EE core 

geometries related by two scaling factors (K1 and K2), to 

achieve minimum desired leakage inductance, maximum 

current density of the windings and desired Total Harmonic 

Distortion 

LFT Optimisation 



LFT Optimisation 



LFT Optimisation – Trade-off 

 Whilst LFT weight is traded against efficiency, leakage 

inductance must be capable of peak power transfer: 



LFT Optimisation - results 

Low Frequency Transformer Specifications 



Problems with LFT OBBC 

 With a grid operating frequency of 50-60Hz, the LFT can 

often result in a considerable weight increase to the vehicle 

 Weight increase requires much greater cost to provide 

extra motive power in form of batteries 

 Additional relay switches to vary the circuit connections for 

both inverter and charger operations are also required 

 Damage to inverter switches by G2V or V2G operation will 

render vehicle immobile 

 Comparison against a High Frequency Transformer (HFT) 

OBBC consisting of a Dual Active Bridge (DAB) topology 

has been investigated to assess the optimum OBBC in 

terms of efficiency, weight, volume and cost 



On-Board Bidirectional Chargers - HFT 



On-Board Bidirectional Chargers - HFT 

 In this case, the DAB is a bidirectional DC-DC converter, 

consisting of two high frequency H-bridges coupled by a 

much smaller HFT and the optional resonant circuit 

 A third-order CLL resonant circuit is used in this case 

 AC-DC PWM converter still required for “Front-end”, but 

harmonics drawn by resonant system should be greatly 

reduced compared to LFT  

 

 

 

 

 

 

 



On-Board Bidirectional Chargers - HFT 

 In this topology the inductance Lp is usually formed from 

the magnetizing inductance of the HFT by introducing a 

suitable gap between the core halves.  

 This also serves to increase the leakage inductance, but 

not to such values as would be useful in a tuned resonant 

circuit 

 A discrete series inductance is included to yield the desired 

value of Ls  

 Due to the interaction of the series resonant capacitor (Cs) 

with the leakage and magnetizing inductances, resonant 

DAB topologies can provide efficiency benefits: 

 Reduced peak currents and load-independent operating point 

 Zero Voltage Switching (ZVS) and Zero Current Switching (ZCS) 

 



HFT Optimisation 

 Optimised CLL circuit designed using normalised time-

domain approach where circuit currents and voltages are 

normalised to base circuit quantities 

 

 

 

 

 

 

 Simulation of resulting circuit shows G2V operation 

between 113kHz and 128kHz (series-resonance), and V2G 

operation between 136kHz and 156kHz 



HFT Optimisation - results 

High Frequency Transformer Specifications 



Comparison LFT vs. HFT 



Conclusions 

 

 Two OBBC topologies are designed using optimized 

design procedures to evaluate the advantages and 

disadvantages of grid-tied inverter and high frequency DC-

DC converter topologies 

 

 Whilst the simpler LFT OBBC makes use of existing 

hardware on board the EV, the additional weight of the LFT 

must be accounted for in terms of extra motive power 

required 

 



Conclusions 

 

 The more expensive HFT DAB on the other hand, provides 

a lighter solution and avoids the issue of charger 

malfunctions affecting the drive system of the EV (damage 

to the motor inverter).  

 

 The HFT topology also has the benefit of providing the EV 

with a stable DC bus voltage for tertiary equipment when 

the OBBC is not in use for V2G or G2V modes, therefore 

lending itself to future integration into EV OBBC 

technologies 



Afterword – 4kW Nissan Leaf variant 

 4kW variant evaluated for Nissan Leaf:  

 

 

 

 

 

 

 

 

 

 

 LFT OBBC option weighs ~ 26Kg 



Afterword – 4kW Nissan Leaf variant 

 HFT system currently measures 400mm x 200mm x 110mm 

 Current weight ~ 10Kg (incl. fans, and front-end inductance) 
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