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Abstract. This project designs a high efficiency DC-DC converter stepping up
12-24 VDC to 310 VDC for caravan refrigerators, motivated by the need for mo-
bile cooling. The design utilizes a Coupled Inductor Switched Capacitor (CISC)
topology with specialized magnetic components and a high performance MOS-
FET. The resulting hardware prototype provides stable voltage regulation and
effective thermal management under a 250W load with high efficiency.



PROJECT DESCRIPTION

This project aims to develop a high efficiency DC-DC boost converter that con-
verts a 12V or 24 V DC input into a regulated 310 V DC output for Beko’s high effi-
ciency refrigerator compressors. The real world problem is that these compressors
normally operate from a 310V DC source derived from main powered systems,
whereas mobile applications such as caravans, trucks, boats, and off-grid solar-
battery systems only provide low-voltage DC sources [2]. Existing solutions that
supply this voltage in mobile environments are either inefficient or costly, which
limits battery usage time and increases the overall system cost. Therefore, the main
outcome of the project is a compact and integrated converter that enables Beko to
use its existing 310 V ProSmart compressor technology in battery powered mobile
refrigerators.

The motivation of the project is mainly based on energy efficiency, battery usage
time, and cost-effective integration. In mobile refrigeration applications, battery
capacity is limited, so power losses directly reduce operating duration. One com-
mon market solution is the use of an external pure sine-wave inverter such as the
Victron Phoenix, which first converts 12V DC to 220V AC and then relies on the
refrigerator’s internal stage to obtain the required DC bus voltage [12]. Although
this method is practical, it suffers from two-stage conversion losses and lowers the
total system efficiency significantly. Another market solution is the use of native
12 'V compressor systems such as the Secop BD35F, which eliminates the need for
high-voltage conversion but does not allow Beko to use its own mass-produced
compressor platform and increases cost dependency on external products [1, 9]. In
addition, the growing caravan market in Europe increases the importance of com-
pact and efficient mobile refrigeration solutions [8].

Based on this motivation, our project proposes a single-stage non-isolated con-
verter based on a Split Switched Coupled-Inductor (CISC) topology. This approach
was selected after topology comparisons because it provides very high voltage gain
together with a relatively simple control structure [10]. The novelty of the project
is not to introduce a completely new converter family, but to adapt and optimize
a high-gain topology from the literature for Beko’s specific requirements of 12—
24V input, 310V regulated output, high efficiency, and reliable operation under
demanding thermal conditions [2, 10, 13]. In contrast to external DC—AC-DC solu-
tions, our design performs direct DC-DC conversion, which reduces loss, size, and
cost. Compared with alternative literature solutions, the proposed system targets
a much higher gain for very low input voltages while preserving a single-switch
structure, which simplifies control and supports manufacturability [2, 13].

The main design and performance specifications of the system are diverse. The
converter shall boost a 12V or 24V DC input to a regulated 310V DC output
and shall support up to 250 W output power. The target efficiency is at least 95%,
and the output ripple is expected to remain below 1%. In addition, the system
is expected to operate reliably in the refrigerator compressor environment, where
ambient temperatures may reach 85 °C. The design also includes requirements re-
lated to controllability, compactness, and compliance with safety and engineering
standards [3, 4, 5, 6, 7, 10].



The big picture of the system starts with a 12 V/24 V battery input and ends with
aregulated 310 V DC output that feeds the inverter and compressor stage. Between
these two ends, the system includes input protection, the high-gain converter power
stage, the controller and feedback loop, and the output interface. The coupled-
inductor and switched-capacitor based structure increases the voltage gain, while
the controller regulates the switching action to keep the output voltage stable un-
der different operating conditions. In this way, the complete architecture forms a
compact and integrated bridge between a low-voltage battery source and a high-
efficiency refrigerator compressor for mobile use [10].
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FIGURE 1. Big picture of the system

MILESTONES

1. Literature Research: This milestone focused on reviewing academic and
industrial sources to define the design constraints, identify technical challenges, and
compare possible converter topologies. It was completed when the key references
were analyzed and the selected topology was justified based on the required high
voltage gain and efficiency.

2. Initial Simulations: At this stage, simplified simulations were carried out
to verify the theoretical calculations and confirm that the converter could achieve
the target operating conditions in a software environment. This milestone ensured
that the mathematical foundation of the design was correct before moving to more
advanced models.

3. Simulations with Real Component Models: This milestone involved sim-
ulating the converter with manufacturer-provided component models in order to
evaluate realistic electrical and thermal performance. It was considered successful
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when the design remained within the project limits for efficiency and voltage ripple,
confirming its feasibility for hardware implementation.

4. Circuit Schematic Design In this milestone, the final circuit schematic was
completed based on the validated simulation results. The schematic was prepared
as a complete and consistent technical document ready for the PCB layout stage.

5. Component and PCB Order This stage covered the completion of the PCB
layout, preparation of manufacturing files, and procurement of the required compo-
nents. The milestone was achieved when the design became manufacturable, free
of design rule violations, and approved for production.

6. Test and Verification The final milestone is dedicated to the assembly of
the hardware prototype and the verification of its performance under practical op-
erating conditions. The main goal of this stage is to confirm that the prototype
can achieve the target output of 310V, operate at 250 W power, maintain 95% ef-
ficiency, produce low output voltage ripple, and remain stable under elevated tem-
perature conditions.

Following the initial hardware evaluation during CM3, the team identified sev-
eral issues related to hardware stability and layout details. In response, a revised
version of the PCB layout was designed in order to address these problems and im-
prove the overall robustness of the prototype. The updated board and the necessary
replacement components have already been completed. At present, the project is
actively continuing within this final milestone, and once the new materials arrive,
the team will proceed with the final assembly and a comprehensive test campaign.
This final step will be essential for verifying that the converter fully satisfies the
technical and performance requirements of the project.

DESIGN DESCRIPTION

The proposed design implements a high gain step-up DC-DC converter based
on a coupled-inductor and split switched-capacitor (CISC) topology using LTSpice
as simulation tool, as shown below,
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The solution strategy combines magnetic gain and capacitive voltage multipli-
cation to achieve high output voltage with improved efficiency and reduced device
stress. A coupled inductor with a turn ratio of 1:4 and primary inductance of 20 uH
is custom designed to provide high gain while maintaining continuous conduction
mode at high currents and minimizing leakage effects. The SC cells are placed
on both primary and secondary sides to increase voltage gain and clamp voltage
spikes caused by leakage inductance, enabling safe operation of the switching de-
vice. The LT3758 controller is used as the control unit, providing gate driving,
current sensing, and feedback regulation. Capacitor selection is performed consid-
ering both efficiency and thermal constraints, where low-ESR aluminum polymer
and electrolytic capacitors with sufficient RMS current ratings are preferred to re-
duce losses and overheating. The system is evaluated using transient simulations in
LTSpice, where input/output power and efficiency are calculated through measure-
ment directives, and steady-state performance is analyzed after startup. The PCB
layout is designed in Altium with careful consideration of high-current paths and
noise-sensitive nodes; in particular, the current sense resistor and gate drive loops
are kept short following IC layout considerations to minimize noise and switching
losses. Additionally, dedicated test points are integrated into the layout to ensure
reliable probing and experimental validation for testability. The overall design ap-
proach ensures high efficiency, reduced voltage stress, and reliable operation under
high gain conditions.

RESULTS AND PERFORMANCE EVALUATION

The project’s most important performance expectation was on its efficiency, so
all of the evaluations while developing the circuit was mostly based on the effi-
ciency. However, other aspects of the circuit was still evaluated. The simulation
results are as shown below.

TABLE 1. Simulation Results

Vin (V) | Pout (W) | Efficiency (%) | Ripple (%) | Max Power (W) | Max Temp (°C)
120 96.449 <1
12 270 93.996 <1 315 o
24 120 98.753 <1 485
270 96.815 <1
330v V(out)
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FIGURE 3. 12V Input with 120W Output Power, Vout Waveform
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FIGURE 4. 24V Input with 120W Output Power, Vout Waveform

The simulation results show that the expectations are fully satisfied. The highest
efficiency for the project was required at the stable output power level which is 120
W. These results show that they achieve and surpass the requirement of 95%. Also
the converter is able to give the maximum power requirement for the smart fridge
which is 270 W while giving approximately 94% efficiency. For longer usages
the temperature couldn’t be simulated, however, the minimum maximum working
temperature across all of the components is 110 °C which satisfies the requirement
of 85 °C. Moreover, for the better performance of the inverter the converter is able
to give less than 1% ripple which again satisfies the expectation.

CONCLUSIONS AND FUTURE DIRECTIONS

This project successfully implemented a high-efficiency DC-DC step-up con-
verter using Coupled Inductor Switched Capacitor (CISC) topology to power Beko
refrigerator compressors from 12-24V DC caravan batteries. By achieving a sta-
ble 310V DC output with %95 efficiency using a 1:25 conversion ratio , the design
provides a reliable power electronics solution for mobile cooling applications while
maintaining stability through soft-start protocols.

For further improvements, the thermal resilience of the system can be improved
from the current 85°C limit to 125°C by replacing sensitive auxiliary components
with higher-rated alternatives, which is vital given the converter’s proximity to the
hot inverter stage. Additionally, overall efficiency could be further optimized by
utilizing low-ESR tantalum capacitors despite their higher cost and implementing
more precise, neater winding techniques for the transformer to minimize leakage
losses. These enhancements would lead to significantly reduced power consump-
tion, directly facilitating the efficient integration of Beko refrigerators into caravan
environments and extending battery life for off-grid users.
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