System Design of Electric Assisted Bicycle using the EDLCs as Power Source
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Abstract:- The proposed system uses electric double layer capacitors (EDLCs), which is rapidly charged by using wireless
power transmission. This paper compares the volume and power loss of the three kinds of DC-DC converters which are
step-down type, boost-type and buck-boost type for the charging and discharging of EDLCs. The number and the output voltage
range of the EDLCs is designed that the charge and discharge energy of EDLCs meet more than 53.0 kJ by literature [4]. The
results showed that the total volume of the boost-type DC-DC converter is the small when the output power is less than 1.1 kW.
On the other hand, the total volume of the step-down type is small when the output power is larger than 1.1 kW. Finally, the

relationship between the total volume of proposed system and the output power is clarified.
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Recently, DC-DC converters for the control the output voltage
of electric double layer capacitors (EDLCs) are actively
researched [1]. However, there are only few literatures which
consider the total volume of DC-DC converters and EDLCs from

+ Transmitting
antenna

Receiving |
antenna !

Fig. 1. Proposed system configuration.
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the viewpoint of the mounting them on a moving object such as I—Lz; I—om: o
electric vehicles and electric bicycles. Authors have been 'ZDL.CS *ica
investigated the application of the EDLCs to the electric assisted ccfnnzeg:iESn)
bicycle so far. This paper evaluates the volume and power loss of Capacitance
step-down type, boost-type and buck-boost type of DC-DC : 256F C%PT\/M
converters which is used as charging/discharging operation for 29 5V 24V,
EDLCs. (Vouta-1.5) Tvconva
2. Proposed system configuration 8V T °
Fig. 1 shows the proposed system configuration. The proposed (a) Boost-Type
system uses a high frequency power source in front of the Step-down Type DC-DC_Converter
transmitting antenna for wireless power transmission [2]. Also, the EDLCs Lﬁ
proposed system is constituted by a rapid rechargeable AC-DC (15 series
converter and EDLCs in the latter part of the receiving antenna. connection) Sto
Also, during an assist of the energy for drivers, the DC-DC Capagga:ce 'IE . .
converter for assist performs the discharge control of the EDLCs ' 1 =y o
when a brushless DC (BLDC) motor is driven. BLDC motor and 375V ——T"i"s“ — T °
- i 2b
DC-AC converter are commercial products [3]. 25,5V '|E2STVconvcb:l% i TVuutb
3. Circuit configuration of the DC-DC converters (Vou,+1.5) 24V
Fig. 2 shows the circuit configuration of three kinds of DC-DC (b) Step-down Type °
converters. This paper considers step-down type, boost-type and Buck-boost Type DC-DC._Converter
buck-boost type as a circuit for the charging and discharging Ezi EDLCs
DC-DC converter using EDLCs as a power source. The number (12 series connection)
and the output voltage range of the EDLCs is designed that the S Capacitance : 192F
charge and discharge energy of EDLCs meet more than 53.0 kJ -IE Vi 3OV(V~°“’°+6)
based on the literature [4]. The DC-DC converters of three kinds E; foute 18V (Voute-6)
are designed that the charge and discharge energy of EDLCs is _NI::\ K O
almost equal (the energy of boost-type is 58.0 kJ, the energy of Sac Cue|Y
step-down type is 56.5 kJ, the energy of buck-boost type is 55.2 -IEngvconchvaoum
kJ). In addition, the specification of the input voltage of the 24v
DC-AC converter is 24 V (Voua Vouts Vouro), and the output o

voltage of the DC-DC converter is controlled to 24 V the constant.

(c) Buck-boost Type

Fig. 2. Investigated circuit configuration.



4. Comparison of volume and power loss W 24V foy= 100 KHz, Poy= 384 W

Fig. 3 shows the results of power loss analysis on the three %15 Con?hu:trglt'gfs of
- H %]
kl_nds of DFZ-DC converters when the voltgge of the EDLCs Vj, in €10 Switching loss of
Figure 2 is changed. The power loss is analyzed under the g the MOSFET
conditions that the output power of the DC-DC converter is 384 W g° X" Conduction loss of
constant. In addition, it is noted that dead time is ignored. From 0 4= the MOSFET

Fig. 3, in the boost-type, it is confirmed that the switching loss and 225

the conduction loss of the MOSFET is dominated. Also, in the
step-down type and buck-boost type, it is confirmed that the
switching loss of the MOSFET is dominated. The reason is that Vouto = 24 V, foy = 100 KHZ, Py = 384 W
the input current of the boost-type is increased for the input
voltage which is lower than the step-down type and buck-boost

type.
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Fig. 4 shows the relationship between the volume and the E E H/ Cotr:]c?ulc\:/tliiif; of
output power for the three kinds of DC-DC converters. It is noted the MOSFET
that the power loss is maximum in case of the voltage of EDLCs 25.5 31 37.5
in Fig. 4. In addition, the volume of the Fig. 4 is the sum of Input voltage vin, [V]
volume of EDLCs and DC-DC converter (smoothing capacitor, (b) Step-down Type
heat sink, reactor). The design approach refers to literature [5].
From Fig. 4 (b), around the output power of 100 W, the volume of
the EDLCs is dominant in the converter of all types. The number
of EDLC:s for the boost-type is the fewest in all of other DC-DC
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?onverters. Therefor.e, the volume of boost-type is small. However, Conduction loss of
if the output power is 1.1 kW or more than 675 W, the volume of 0 the MOSFET

step-down type is small than the boost-type and the buck-boost 18 30
type. In case of the boost-type and buck-boost type, the ripple
current of the smoothing capacitor is increased when the output
power is increased. Therefore, the ratio of the volume of the

smoothing capacitor is increased. On the other hand, in case of the
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Fig. 3. Results of power loss analysis of the three kinds of
DC-DC converters

16000
step-down type, the ripple current of the smoothing capacitor does Vout T 24 va fou = C100 kHz
I Volume of EDLCs
pot_ depend on the output power. The_refore, \_Nher_1 the output power 14000 Boost-Type: 3039 om’®
is increased, the volume of heat sink which is ver_y gmall and = 12000 | Buck-boost Type: 4053 cm’® P
reactor compared to the volume of the ED!_CS is increased. 5, Step-down Type: 5066 cm® /
However, the volume of the converter does not increase too much. @ 10000 -
. . = Buck-boost Type
Furthermore, if the output voltage of the DC-DC converter is set 2 (Vine: 18 V)
. . inc -
over 24V, the cross over point of the volume of three kinds of > 8000 \
DC-DC converter is shifted toward high output power. The reason £ 6000 /
is that the volume of the capacitor is decreased depends on its . \ —
ripple current according to the high output voltage of the DC-DC 4000 —— Boost-Type Step-down Type
converter. 2000 ‘ _ (Vina:8V) ‘ (\{inb: 375 V)ﬁ
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5. Conclusion Output power [W]

The results showed that the total volume of the boost-type (a) The total volume
DC-DC converter is the smallest up to the output power of 1.1 kW. o 12888 minductor _mHeatsink _m Capacitor _®EDLC
On the other hand, the total volume of the step-down type is small S.12000 - Center: Buck-boost Type
when the output power is larger than 1.1 kW. Therefore, from the § 10000 + Left: Boost-Type {— Right: Step-down Type -
view point of the minimum volume of the system, the DC-DC S 8000 — _

- . > 6000

converter of boost-type is the most suitable. Note that, the cross = 4000
over point of the volume of three kinds of DC-DC converter is = 2000 ]
changed according to the output voltage of DC-DC converter. 0 100 1000 2000

In the future work, the DC-DC converter of boost-type will be Output power [W]
made as a prototype and it will be verified by experiments. (b) Ratio of the volume

Fig. 4. Relationship between the volume and the output power
for the three kinds of DC-DC converters.

(http://www.yamaha-motor.jp/pas/lineup/wagon/)
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