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Abstract

Among transport vehicles, Special Vehicles (SVe) smriously exposed to energy and environmental
problems. In particular, elevator cars used whenvimg objects in high-rise buildings increase th@ier's
rotational speed (radian per second: RPM). At tige, when the vehicle accelerates rapidly whilagl energy
consumption increases explosively along with tiggnenspeed, and a lot of soot is generated. Thpgser of
this paper is to develop a bi-directional DC-DC werter for control of vehicle power and secondaagtéry
used in an elevated ladder vehicle (EC) used inrtbeing industry.

As a result of this paper, the performance teth@ttonverter was conducted. The charging/discingrgtate
of the converter was simulated using DC power supptl DC electronic load, and a performance expenin
was conducted to measure the input/output poweah@fconverter through a power meter. Through this
experimental result, it was confirmed that thecedficy was more than 92% in Buck mode and Boosé mabd
maximum 1.2kW output.
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1. Introduction

The depletion of fossil fuel, one of the main epesgurces of industrial activities, has a direcpact on
national development and energy security, and aitugion and global warming caused by rapid
industrialization cause problems that are diremtlpted to human survival. As a result, global &andly
policies are being established. As part of thisreéhs a strong demand for de-petroleumizationraddction
of carbon dioxide emissions for transport systemas tconsume most of fossil fuels [1]. In particuamong
transport vehicles, Special Vehicles (SVs) areossty exposed to energy and environmental prob[2ins

Among special vehicles, the elevator car (EC), Whécused in the moving industry, can easily sthee
most difficult task, high-rise transportation, evienrow houses, villas, business buildings, and-tise
apartments without gondola.

Elevated ladder vehicles that are necessary foingduggage on high floors are equipped with atiota
plate that is convenient to use at a turning anfj@60°, so you can easily work by rotating theatioig plate
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in a narrow space or in a place where vehicleigytas impossible. When moving objects, the eledddelder
is operated. At this time, the engine's rotatiapaed (radian per second: RPM) increases rapafiylting in
an explosive increase in energy consumption antdad smoke. In order to solve this problem, aofatesearch
is needed to use a secondary battery without wsingutomobile power unit. This secondary batterthoue
has the advantage of being able to compensatedahibrtcomings of the existing internal combuséingine,
and it is very helpful to the environment as it cadiuce carbon dioxide emissions. As it is in thplementable
stage with the current technology level, more diberis being paid to it. Here, the secondary dusglirectly
use the vehicle battery as an input, but usestagmktepped down by a separate regulator as at inp

As shown in Figure 1, in this paper, we intend ¢oealop a bidirectional DC-DC converter for EC batte
control to control vehicle power and secondarydrags used in the elevator car (EC) used in theimgoand
transport industry.

As a detailed development of this paper, when @e<turned on, the converter operates to charge th
12(24)V battery, and when the 12V or 24V battenfuky charged, the converter stops operating. The
converter's capacity is designed in a maximum BK\&. based on the output (charging) current of 10f#d
the converter is equipped with overload, overcurrand overheat protection functions to protectsystem.

It is also designed to enable RS232C, CAN, and tBath communication for high-level controller and
wireless monitoring.
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Figure 1. Structure of a bidirectional DC-DC converter for vehicle and secondary battery
control

2. Research Method
2.1 Two-way DC/DC Converter Topology

A DC/DC converter is a DC converter that conventsebitrary DC power source into a DC power source
in the form required by the load. It is widely usedndustrial application fields such as motowerdevices
of vehicles, computer devices, communication systeand power systems of satellites. DC/DC converter
are largely divided into converters that use tramsérs and converters that do not use transfornaes,
converters that do not use transformers are diviisteoBuck, Boost, and Buck-Boost. [3].

In the case of using an expensive battery or irrmta utilize high-power energy in a low-voltagetbsy,
a DC-DC converter [4] for battery charging and Heging is required, and an appropriate convessigth
is required to improve the performance of the sysia order to secure such performance, we interagbply
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the interleaved converter [5] among various comretbpologies capable of two-way power control.
Interleaved converters reduce the ripple of thetfgqutput current of the entire system by connecseveral
converters in parallel and operating the convertéitsa phase difference. In addition, it is pokesibo increase
the system efficiency by reducing losses due tceotidistribution and ripple reduction, which caduce the
capacity of the capacitor, and the inductor andchirig elements used due to the distribution ofcilneent
are it has the advantage of reducing the volumbeoéntire system by using it.

Figure 2 is a block diagram of a two-phase interebidirectional DC-DC converter for battery chiagg
and discharging. Each phase of a half-bridge typekBBoost converter consisting of L1, S1, S2 and%2,
S4 is parallel. It is composed of two phases byneoting, and the switching of each phase is cdattdb
have a phase difference of 180°.

Buck Converter(Charging)
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| |
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Figure 2. 2-phase interleaved two-way DC-DC converter

Due to this structure, the current is divided byf Ina the two phases compared to the current ripple
generated in the inductor in the topology of cdirgjsof only one phase, and the ripple current gated here
is canceled by the phase difference. Is reducedipipée of the output current. Therefore, the dyatind
efficiency of the output power are increased. lditioh, when designing hardware, the overall systeiome
can be reduced due to the reduction of capacitmisra@duction of the rated current of the devicehsas
inductors.

3. Design of a Two-phase Converter for Charging and Discharging in Both Directions

In this paper, for converter for bidirectional ofpeddischarge of battery to be used for the pow&®and
secondary battery for high ladders that can moveimgaobjects, two-phase converter design is requirer
this purpose, the converter operation by modesgded in the same way as the operation mode gftmte
half-bridge type Buck-Boost converter [6].

3.1 Design of Boost Mode

Figure 3 shows the mode according to the ON/OFFatipa of the switch when operating with boost. At
this time, the case where iS operated as a switch as an active element aasl &diode as a passive element

is represented by2 and 3 respectively. The semiconductor device MOSFET$74 two-way device and
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has a smaller loss by Rds(on) resistance thanahduction loss of current flowing through the gudiallel
diode. Therefore, the loss is reduced by turningsomhen S is OFF. Can be reduced. When switehisS

turned on, energy is accumulated in the inductshasvn in @ in figure 3 below. The main waveform of the

inductor current rises as shown in Figure 3, amdvblitage across the inductor is the same as ttterypa
voltage. When the switch, & OFF, the energy accumulated in the inductaligsharged through the diode

as shown in(® of Fig. 3. At this time, the inductor current degses, and the voltage applied to the inductor

is equal to the difference between the batteryageltand the output voltage. When the battery chdiged,
the condition of the battery must be checked togmeover-discharge from occurring.

@ Discharge mode (2)switch S, is ON (3switch S, is OFF

Figure 3. Switch operation in discharge mode and Current flow

3.2 Design of Buck Mode

Figure 4 shows the mode according to the ON/OFFatipa of the switch when operating with boost. At
this time, $ is an active element switch, andi$ ON/OFF with period Ts conduction time DTs. Whba
switch S is ON, there is a difference between the battetiage and the output terminal voltage in the indyc
as shown in@ in Figure 4, and the inductor current rises ardtthttery is charged at the same time. On the
contrary, when switch9s turned off, battery voltage is reversed toitigictor as shown i3 in Fig. 4,
and the inductor current decreases through reyersdlel diode of switch S

When charging the battery, it is necessary to clieekstate of the battery to prevent it from becani
overvoltage.

Ze} b &}
Wiy : ::: i - -+ ; | <
T <) Bt '
(D)Charge mode (2)switch S, is ON (3)switch S, is OFF

Figure 4. Switch operation in Charge mode and Current flow
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3.3 Design of Power Converter

Figure 5 shows the contents of the induction deaimpording to the operation mode. Induction sedecti
is as follows. In the boost mode and buck modecgtiveent ripple rate is 1%, and the inductor i<aldted
under conditions such as 12V to 24V battery chargimd 24V-12V charging. In the charging mode frati' 2
to 12V based on 100kHz switching, the inductor walsulated the largest as 44.5uH, and was selested
inductor of 50uH considering the margin of the icigu.
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Figure 5. Design of the inductor according to the operation mode

4. Simulation of Two-way DC-DC Converter Topology

Simulation was conducted to verify the designedveaer topology, and the simulation conditions were
composed of the contents shown in Table 1 below. @drameters in Table 1 are classified as voltagd u
for general passenger cars is 12V, and 24V for ceroi@ vehicles. In this study, we simulate theology
of a 12V and 24V bidirectional DC-DC converter. Rigpltage is based on 24V, simulation range is 3082,
and low voltage is based on 12V, range is 11.6~\.4r8the boost mode and buck mode, select theciodu
based on current ripple rate of 1%. Under conditisnch as 12V -> 24V battery charging and 24V -¥ 12
charging, it is based on inductor 100kHz switchamgd in 24V -> 12V charging mode, the inductor is
calculated as 44.5uH as the largest. Therefotgjsrstudy, an inductor of 50uH was selected irsateration

of the inductor margin.

Table 1. Main parameters

Parameter Value Remark

High voltage battery(Vrec) 20 ~ 28.8V
Low voltage battery(Vbat) 11.6~14.8V
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Low voltage load(Rbat) 0.146Q
High voltage load(Rrec) 0.2920Q
L 50 uH
Fsw 100 kHz

Figure 6 shows the simulation's voltage and cureentrol block diagram. The controller was desighgd
obtaining the transfer function for current andt&gé control through the converter system modelingrder
to eliminate mutual interference, the bandwidtthefcurrent and voltage controller was set sodliference
of more than 10 times occurs, and double loop Rtroter was used to ensure the stability of thetm
structure, and integrator saturation anti-wind-optml technique was applied to eliminate the tasgiloutput
offset.

Voltage Control Loop

Current Control Loop

V*"Q .{ c, I-'L‘Q -{ ¢ ¥ 6 . -[ G,

Figure 6. Block diagram of Voltage and Current Controller

The PSIM simulator[8] was used to simulate the posemverter in boost mode (12V ~ 24V charging). A
two-way converter simulation block was designedyipg two-phase interleaved topology, and 29.2Vichh
is the charging voltage of a 24V battery in a 12Atéry, is controlled. In addition, the chargingreat can
be controlled to be supplied at a maximum of 108Ad the converter control logic is programmed in C
language by applying C-Block. Power converter satiah in Buck Mode (24V ~ 12V charging) designed a
buck mode simulation of charging from 24V battexy1PV battery as opposed to boost mode. Contrdig to
charged with a 12V battery charging voltage of ¥4a@éd 100A current.

Based on the simulation, configure a switching togy circuit and select 80V, 150A class FETs for
switches, and construct a relay control circuit @¥/OFF control of input and output power. Main MCU
selected STM32F730R8Tx and designed peripheralitigrotection circuit, sensing circuit, etc.

In addition, the power converter's internal povgedeésigned to be received from both input/outpv/(1
24V) of the converter, and the communication cirpart is designed to enable RS232C, CAN, and Batht
communication. Communication is made possible taually insulate the upper level controller and
monitoring.

4.1 Result of Simulation
Figure 7 shows the boost mode (12V to 24V charggigiulation results. It can be seen that the output
voltage of 29.2V is constantly controlled basedtminput voltage of 12V.
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Vbat 11.99V
Vrec 29.20V
Ibat 277.68A
Irec 100.03A
Iu 138.84A
Iv 138.84A
Duty 63.96
Vu 17.09V

Vv 17.37V
Vbat*Ibat 3332.08W 1
Vrec*Irec 2921.91W
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Figure 7. Results of boost mode (12V to 24V charging) simulation

In addition, it can be seen that the output curcéritO0OA and each inductor current flow equallyd daine
ripple of the current is very low. It can be selesit tthe output power is constantly controlled 8k®v.

Figure 7 shows the simulation result of boost madé shows the DC-DC converter operating in boost
mode, charging from low voltage battery(LVB) to Inigoltage battery(HVB). This mode becomes a boost
converter when the lower switch operates as ameastitch among two switches for each phase andgper
switch operates as a diode. Therefore, it openatgsvay that energy is transferred from a lowagdt battery
to a high voltage battery and energy is consumetithh a load connected to the high voltage battarthe
case of a high-voltage battery, it can be confirrtited the charging voltage is stably supplied bseahe
charging voltage of the 24V battery is kept cons&r29.2V.

As can be seen from the simulated current wavefmrformed, it can be seen that the ripple of threect
flowing through each inductor through interleavedtshing is 180° out of phase", and as these ctsresncel
each other, the output current is in a state wtieee is almost no ripple. | was able to confirratth was
controlled.

Figure 8 is the simulation result of Buck mode (24¥2V charging). It can be seen that the outpiibge
of 14.6V is constantly controlled based on the inmltage of 24V. In addition, it can be seen tinat output
current of 100A and each inductor current flow diguand the current ripple is very low. It can $&en that
the output power is constantly controlled at 1.46kwW

Vbat 14.60V
Vrec 24.00V
Ibat 100.00A
Irec 64,254
Ta 49.994
. Iv 49.994
T YO i W R A Y W W A e L 5 35.77
S e A R R A e e 19.11V
Vv 19.24V
Vbat*Ibat 1460.01W
Vrec*lrec 1542.06W

Figure 8. Results of Buck mode (24V to 12V charging) simulation

When charging a low-voltage battery, the DC-DC aoter[9] operates in Buck mode. In this case, the
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upper switch operates as an active switch andativerl switch operates as a diode among two switfdres
each phase, and the Buck converter it operatesnode in which energy is transferred from the highiage
battery side to the low-voltage battery. If thetéat is continuously charged at a constant cunrefierence
value in the Buck mode, the voltage charged tb#itery continues to increase, and voltage corgrelquired
to solve this problem.

The control block diagram in Figure 8 shows that tlntroller in charging mode uses constant voltage
control and constant current control to reducectireent reference value when it reaches the refereoltage
after charging at a constant current referenceevaduntrol to keep it at the reference voltage withresing.

In the low voltage charging mode, the chargingagudtof the 12V battery is controlled at 14.6V, awdugh
the simulation results, it was confirmed that tiperation of the topology proposed in this paperksavell
in the Buck mode, and the control performancede akcellent.

4.2 Verification and Testing

For the converter performance experiment, the éxymet was conducted with the configuration shown in
Figure 9. A performance experiment was performedsipyulating the charging/discharging state of the
converter using a DC power supply and DC electréméal, and measuring the input/output power of the
converter through a power meter.
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Figure 9. Composition of power converter performance test

Through this experimental result, it was confirntledt the efficiency was more than 92% in Buck mode
and Boost mode at maximum 1.2kW output.

5. Conclusion

For the purpose of rice field research, a two-w&¢[DC converter was developed to control vehicle grow
and secondary battery used in elevator cars (E€) isthe moving and transport industry. Simulaticas
conducted to verify the converter topology desigimetthis study. The simulation was conducted in tways:
Boost mode and Buck mode. First, as can be seantfre simulated current waveform performed as altres
of simulating the Boost mode, it can be seen tatipple of the current flowing through each inuc¢hrough
interleaved switching appears 180° phase differeand the output current ripples as these currearsel
each other. It was confirmed that it was controlted state where there was little. Second, asultref the
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Buck mode (24V ~ 12V charging) simulation resuitttie low voltage charging mode, the charging gdta
of the 12V battery is controlled at 14.6V, and thgb the simulation result, it can be confirmed ttegt
operation of the topology proposed in this paperkaevell even in the Buck mode.

In addition, through the experimental results a$ gtudy, it was confirmed that the efficiency wasre
than 92% in Buck mode and Boost mode at maximurkVi.Butput. Therefore, it was confirmed that the
control performance was also excellent. Here, liggua lithium secondary battery equipped with adygt
management system (BMS), excellent results carelieadl eco-friendly or cost-effectively.
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