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Abstract: - A Novel of bidirectional DC-DC converter

These converters can provide high step-up and step-down
voltage gainby adjusting the turn’s ratio of the transformer.
For non-isolated applications, the non-isolated bidirectional
DC-DC converters, which include the conventional
boost/buck types, multi-level type, three-level type,
sepic/zeta type, switched-capacitor type, and coupledinductor type, are presented. The multi-level type is a
magnetic-less converter, but 12 switches are used in this
converter. If higher step-up and step-down voltage gains are
required, more switches are needed. This control circuit
becomes more complicated. In the three-level type, the
voltage stress across the switches on the three-level type is
only half of the conventional type. However, the step-up
and step-down voltage gains are low. Since the sepic/zeta
type is combined of two power stages, the conversion
efficiency will be decreased.
The development of bidirectional dc-dc converters has
recently become increasingly important for clean-energy
vehicle applications because battery-based energy storage
systems are required for cold starting and battery recharging
[16], [17], [18]. Bidirectional converters transfer power
between two dc sources in both directions. However, backup power from the battery is supplied using a bidirectional
converter, which is employed in many uninterrupted power
supplies (UPS), the front-end stage for clean-energy sources
and dc motor driver circuits. The dc back-up energy system
typically consists of numerous low-voltage-type batteries.
Although a storage battery series string can provide high
voltage, slight mismatches or temperature differences can
cause a charge imbalance when the series string is charged
as a unit Charge equalization cycles must be employed to
correct this imbalance. However, conventional approaches
to this process will stress the batteries, shorten their life and
are limited to low-capacity power. Batteries arranged in
parallel strings can enhance the power redundancy supplied
by a battery and alleviate the problems caused by storage
battery series strings. However, the output voltage remains
low in this parallel connection configuration. A highly
efficient bidirectional DC–DC converter with high-voltage
diversity is a key component for batteries connected in
parallel.
Bidirectional DC - DC converters with
transformer-based structures are the most common
topologies. Soft switching techniques are generally applied
to reduce the corresponding switching losses. These
mechanisms with isolated transformers have high
conduction losses because four to nine power switches are
required. Many applications call for high-step-up converters
that do not require isolation, such as the front-end converter

drive is presented in this paper. The circuit
configuration of the proposed converter is very simple.
The proposed converter employs a coupled inductor
with same winding turns in the primary and secondary
sides. In step-up mode, the primary and secondary
windings of the coupled inductor are operated in
parallel charge and series discharge to achieve high
step-up voltage gain. In step-down mode, the primary
and secondary windings of the coupled inductor are
operated in series charge and parallel discharge to
achieve high step-down voltage gain. Thus, the proposed
converter has higher step-up and step-down voltage
gains than the conventional bidirectional DC-DC
boost/buck converter. Under same electric specifications
for the proposed converter and the conventional
bidirectional boost / buck converter, the average value
of the switch current in the proposed converter is less
than the conventional bidirectional boost / buck
converter. The operating principle and steady-state
analysis are discussed in detail. Finally, a 70 / 210 V
simulation circuit is simulated in MATLAB/Simulink to
verify the performance for the automobile dual - battery
drive system.

Index Terms: - Bidirectional DC-DC converter drive,
coupled inductor.

I .Introduction
Bidirectional DC–DC converters are used to transfer
the power between two DC sources in either direction.
These converters are widely used in applications, such as
hybrid electric vehicle energy systems [1]–[4],
uninterrupted power supplies [5], [6], fuel-cell Hybrid
power systems [7]–[10], PV hybrid power systems [11],
[12] and battery chargers [13]–[15]. Many bidirectional
DC-DC converters have been researched. The bidirectional
DC-DC fly back converters are more attractive due to
simple structure and easy control. However, these
converters suffer from high voltage stresses on the power
devices due to the leakage-inductor energy of the
transformer. In order to recycle the leakage inductor energy
and to minimize the voltage stress on the power devices,
some literatures present the energy regeneration techniques
to clamp the voltage stress on the power devices and to
recycle the leakage-inductor energy, some literatures
research the isolated bidirectional DC-DC converters,
which include the half-bridge types and full-bridge types.
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with dual inputs. Accordingly, practical implementation is
complex and costly. Switched-capacitor dc–dc converters
have attracted much attention as an alternative method for
providing bidirectional power flow control. However,
increased switching loss and current stress are the critical
drawbacks. The primary challenge is to design a circuit that
has few switching devices and capacitors. Generally, the
bidirectional converter in the UPS must generally boost 48–
400 V, which is appropriate for eightfold step-up voltage
gain. Zhao and Lee developed a family of highly efficient,
high-step-up dc–dc converters by adding only one
additional diode and a small capacitor [19]. This capacitor
can recycle leaked energy and eliminate the reverserecovery problem. In this approach the magnetic core can
be regarded as a fly-back transformer and most energy is
stored in the magnetic inductor.

1.1 COUPLED INDUCTOR:
The pair of coupled coils shown in figure has currents,
voltages and polarity dots indicated. In order to show
𝑀12 = 𝑀21 we begin by letting all currents and voltages are
zero, thus establishing zero initial energy storage in the
network. We then open –circuit the right–hand terminal pair
and increase I1 from zero to some constant value 𝐼1 at time t
= t1.The power entering the network from left at any instant
is

𝑡2
𝑣1𝑖1
𝑡1

𝑡2
𝑑𝑖2
𝑀12 𝑖1𝑑𝑡
𝑡1
𝑑𝑡

𝑑𝑡 =

𝑀12𝐼1𝐼2

= 𝑀12𝐼1

𝐼2
𝑑𝑖2
0

=
(5)

The total energy stored in the network when both i1 and i2
have reached constant values is
1

1

2

2

𝑊𝑡𝑜𝑡𝑎𝑙 = 𝐿1 𝐼12 + 𝐿2 𝐼22 + 𝑀12 𝐼1 𝐼2

(6)

Now, we may establish the same final currents in this
network by allowing the currents to reach final values to the
reverse order
1

1

2

2

𝑊𝑡𝑜𝑡𝑎𝑙 = 𝐿1 𝐼12 + 𝐿2 𝐼22 + 𝑀21 𝐼1 𝐼2

(7)

The only difference is the interchange of the mutual
inductance 𝑀21 and 𝑀12
𝑀12 = 𝑀21 = 𝑀
1

1

2

2

and

𝑊 = 𝐿1 𝐼12 + 𝐿1 𝐼22 + 𝑀𝐼1 𝐼2

(8)

If one current enters a dot-marked terminal while the other
leaves a dot marked terminal
1

1

2

2

𝑊 = 𝐿1 𝐼12 + 𝐿1 𝐼22 − 𝑀𝐼1 𝐼2

(9)

From equations 8 and 9 were derived final values of the two
currents as constant, these ―constants‖ can have any value
and the energy expressions correctly represent the energy
stored when the instantaneous values 𝑖1 and 𝑖2 are 𝐼1 and 𝐼1
respectively

𝑊 𝑡

Fig 1 Coupled inductors
𝑉1 𝑖1 = 𝐿1

𝑑𝑖 1
𝑑𝑡

𝑖1

(1)

(2)

𝐾=

The energy stored within the network when i1 = I1 is thus

Since

𝑑𝑡 =

𝐼1
𝑙1𝑖1
0

𝑑𝑖1 =

1
2

𝐿1𝐼12

𝑑𝑡 =

𝐼2
𝑙2𝑖2
0

𝑑𝑖2 =

1
2

𝐿2𝑖22

2

+

1
2

𝐿2 𝑖2 𝑡

2

± 𝑀 𝑖1 𝑡

𝑖2 𝑡
(10)

𝑀

(11)

𝐿1 𝐿2

M≤

𝐿1 𝐿2

0≤k≤1

(3)

We now hold 𝐼1 constant, 𝑖1 = 𝐼1 , and let 𝐼2 change from
zero at t=t1 to some constant value 𝐼2 at t=t2.The energy
delivered from the right-hand source is thus
𝑡2
𝑣2𝑖2
𝑡1

𝐿1 𝑖1 𝑡

The degree to which M approaches its maximum value is
described by the coupling coefficient, defined as

Since i2=0

𝑡1
𝑣1𝑖1
0

2

1.1.1 The coupling coefficient

and the power entering from the right is
𝑉2 𝐼2 = 0

1

(4)

However, even though the value of 𝐼1 remains constant, the
left-hand source also delivers energy to the network during
this time interval

The larger values of the coefficient of coupling are obtained
with coils which are physically closer, which are wound or
oriented to provide a larger common magnetic flux, or
provided with a common path through a material which
serves to concentrate and localize the magnetic flux. Coils
having a coefficient of coupling close to unity are said to be
tightly coupled.
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1.2 DC MACHINE: Back EMF induced in motor
armature. When current passed through the armature of dc
machines and its field coils excited torque is established
and motor rotates the direction of rotation can be reversed
by reversing either armature current or polarity of the
magnets. Rotation of the armature gives rise to an induced
emf which according to Lenz’s law, will oppose the flow of
current. Hence if

1.2.1 Field control:- In field control the applied armature
voltage v is maintained constant. Then the speed is
represented by equation as
(16)

𝑰𝒇

1.2.2 Armature control:- In this the field current is
maintained constant. Then the speed is derived from the
equation as

Ea=the numerical value of the induced emf.
Va=the numerical value of the applied voltage.

𝜔𝑚 = (𝑣 − 𝑖𝑎 𝑅𝑎 )

The armature currents is given by

(17)

Hence, varying the applied voltage changes speed.
Reversing the applied voltage changes the direction of
rotation of the motor

𝐼𝑎 = (𝑉𝑎 –𝐸𝑎 ) /𝜏𝑚
𝑉𝑎 = 𝐸𝑎 + 𝐼𝑎 𝜏𝑚
The power input 𝑉𝑎 𝐼𝑎 =𝐸𝑎 𝐼𝑎 + 𝐼𝑎2 𝑟𝑚

(12)

The emf generated by the armature must have a perfectly
definite value for particular value of the load current
𝐸𝑎 = 𝑉𝑎 - 𝐼𝑎 𝑟𝑚

(13)

The induced emf is also determined from ordinary
considerations of flux, number of conductors and speed,
and its thus
𝐸𝑎 =𝑍𝑒 ×2pᴓn

𝟏

𝝎𝒎 𝜶

1.2.3 Armature and Field control:- By combination
armature and field control for speeds below and above the
rated speed, respectively, a wide range of speed control is
possible
𝑇𝑒 = 𝐾∅𝑓 𝑖𝑎

(18)

Can be normalized if it is divided by rated torque
Which is expressed as
𝑇𝑒𝑟 = 𝐾∅𝑓𝑟 𝑖𝑎𝑟

(14)

From above 13 and 14 equations are equal we get

𝑇𝑒𝑛 =

𝑇𝑒
𝑇𝑒𝑟

=𝐾

∅𝑓 𝑖𝑎
𝐾∅𝑓𝑟 𝑖𝑎𝑟

(19)
= ∅𝑓𝑛 𝑖𝑎𝑛 , 𝑝. 𝑢.

(20)

𝑉𝑎 - 𝐼𝑎 𝑟𝑚 = 𝑍𝑒 ×2pᴓn
n=

𝑉𝑎 − 𝐼𝑎 𝑟𝑚
𝑍𝑒 ×2pᴓn

(15)
Normalized eliminates machine constants, compacts
the performance equation, and enables the
visualization
of
performance
characteristics
regardless of machine size on same scale. the
normalized torque, flux and armature current are
𝑇𝑒𝑛 =

Fig 2

𝑇𝑒
𝑇𝑒𝑟

∅𝑓𝑛 =

Dc motor basic parts

𝑖𝑎𝑛 =

, 𝑝.

∅𝑓
∅𝑓𝑟
𝑖𝑎
𝑖𝑎𝑟

, p.u

, 𝑝. 𝑢

(21)
(22)
(23)

Hence the speed of dc motor may be controlled by
1.
2.
3.

Varying the value of the flux.
Varying the value of the voltage applied to
the motor armature
Varying the value of the effective number of
conductors in series.

As the armature current is maintained at 1 p.u
𝑇𝑒𝑛 = ∅𝑓𝑛 , 𝑝. 𝑢
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Hence
normalized
electromagnetic
torque
characteristics coincides with normalized field flux,
similarly the air gap power is,
𝑝𝑎𝑛 = 𝑒𝑛 𝑖𝑎𝑛 , 𝑝. 𝑢

(25)

Where 𝑒𝑛 is the normalized induced emf.
As 𝑖𝑎𝑛 is set to 1 p.u., the normalized air gap power
becomes
𝑝𝑎𝑛 = 𝑒𝑛 , 𝑝. 𝑢

(26)

is shown in Fig 5(a). The energy of the low-voltage
side VL is transferred to the coupled inductor.
Meanwhile, the primary and secondary windings of
the coupled inductor are in parallel. The energy
stored in the capacitor CH is discharged to the load.
Thus, the voltages across L1 and L2 are obtained as
𝑢𝐿1 = 𝑢𝐿2 = 𝑉𝐿

(27)

By substituting above equations we get
𝑑𝑖 𝐿1 (𝑡)
𝑑𝑡

=

𝑑𝑖 𝐿2 (𝑡)
𝑑𝑡

𝑉𝐿

=

1+𝑘 𝐿

,

(28)

Mode-2: During this time interval S1 and S2 are
turned on and S3 is turned off. The current flow path
is shown in Fig. 5(b). The energy of the low-voltage
side VL is transferred to the coupled inductor.
Meanwhile, the primary and secondary windings of
the coupled inductor are in parallel. The energy
stored in the capacitor CH is discharged to the load.
Thus, the voltages across L1 and L2 are obtained as
𝑖𝐿1 = 𝑖𝐿2
𝑢𝐿1 + 𝑢𝐿2 = 𝑉𝐿 − 𝑉𝐻

(29)

By substituting above equations we get
Fig 3 normalized characteristics of variable –speed
DC motor

II. STEP–UP MODE
The proposed converter in step-up mode is
shown in Fig 5. The pulse width modulation (PWM)
technique is used to control the switches S1 and S2
simultaneously. The switch S3 is the Synchronous
rectifier.
2.1 CCM Operation

𝑑𝑖 𝐿1 (𝑡)
𝑑𝑡

=

𝑑𝑖 𝐿2 (𝑡)
𝑑𝑡

=

𝑉 𝐿 −𝑉 𝐻
2 1+𝑘 𝐿

,

(30)

By using the state-space averaging method, the
following equation is derived from
𝐷𝑉 𝐿
1+𝑘 𝐿

+

1−𝐷 (𝑉 𝐿 −𝑉 𝐻 )
2 1+𝑘 𝐿

=0

(31)

By simplifying we get
𝐺𝐶𝐶𝑀(𝑠𝑡𝑒𝑝 −𝑢𝑝 ) =

𝑉𝐻
𝑉𝐿

=

1+𝐷
1−𝐷

(32)

Mode 1: During this time interval, S1 and S2 are
turned on and S3 is turned off. The current flow path
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Fig4 step up mode
Fig 5: Some typical waveforms of the proposed converter in step-up mode (a) CCM operation (b) DCM
operation (c) Mode 3 for DCM Mode

www.ijmer.com

190 | P a g e

International Journal of Modern Engineering Research (IJMER)
www.ijmer.com
Vol.2, Issue.2, Mar-Apr 2012 pp-186-196
ISSN: 2249-6645
2.2 DCM Operation
Mode 1: During this time interval, S1 and S2 are
turned on and S3 is turned off. The current flow path
is shown in Fig. 5(a) The operating principle is same
as that for the mode 1 of CCM operation
𝐼𝐿1𝑝 = 𝐼𝐿2𝑝 =

𝑉 𝐿 𝐷𝑇𝑠

(33)

1+𝑘 𝐿

Mode 2: During this time interval, S1 and S2 are
turned off and S3 is turned on. The current flow path
is shown in Fig 5 (b). The low-voltage side VL and
the coupled inductor are in series to transfer their
energies to the capacitor CH and the load. Meanwhile,
the primary and secondary windings of the coupled
inductor are in series. The currents iL1 and iL2
through the primary and secondary windings of the
coupled inductor are decreased to zero at t = t2. From
eqn, another expression of IL1p and IL2p is given by
𝐼𝐿1𝑝 = 𝐼𝐿2𝑝 =

(𝑉 𝐻 −𝑉 𝐿 )𝐷2 𝑇𝑠
2 1+𝑘 𝐿

where fs is the switching frequency. Substituting
above equations we get, the voltage gain is given by
𝐺𝐷𝐶𝑀 (𝑠𝑡𝑒𝑝 −𝑢𝑝 ) =

𝑉𝐻
𝑉𝐿

1

1

2

4

= +

+

𝐷2
(1+𝑘)𝜏 𝐿𝐻

(40)

2.3 Boundary Operating Condition of CCM and
DCM
When the proposed converter in step-up mode is
operated in boundary conduction mode (BCM), the
voltage gain of CCM operation is equal to the voltage
gain of DCM operation. From above equations , the
boundary normalized inductor time constant τLH,B
can be derived as follows
𝜏𝐿𝐻,𝐵 =

𝐷(1−𝐷)2
2 1+𝑘 (1+𝑑 )

(41)

The curve of τ LH,B is plotted in Fig. If τLH is larger
than τLH,B, the proposed converter in step-up mode
is operated in CCM.

(34)

Mode 3: During this S1 and S2 are still turned off
and S3 is still turned on. The current flow path is
shown in Fig 5(c). The energy stored in the coupled
inductor is zero. Thus, iL1 and iL2 are equal to zero.
The energy stored in the capacitor CH is discharged
to the load. From above equation, is derived as
follows
𝐷2 =

2𝐷𝑉 𝐿

(35)

𝑉𝐻 −𝑉 𝐿

From Fig, the average value of the output capacitor
current during each switching period is given by
1

𝐼𝑐𝐻 = 2

𝐷2 𝑇𝑠 𝐼𝐿1𝑝 −𝐼𝑜 𝑇𝑠
𝑇𝑠

1

= 𝐷2 𝐼𝐿1𝑝 − 𝐼𝑜
2

𝐷 2 𝑉𝐿2 𝑇𝑠
1+𝑘 𝐿(𝑉 𝐻 −𝑉 𝐿)

−

𝑉𝐻
𝑅𝐻

III. STEP-DOWN MODE

(36)

By substituting above values we get
𝐼𝑐𝐻 =

Fig-6 Boundary condition of the proposed
converter in step-up mode (assuming k = 1)

(37)

The proposed converter in step-down mode of
operation, the PWM technique is used to control the
switch S3. The switches S1 and S2 are the synchronous
rectifiers
3.1 CCM Operation

Since IcH is equal to zero under steady state, above
equations can be rewritten as follows:
𝐷 2 𝑉𝐿2 𝑇𝑠
1+𝑘 𝐿(𝑉𝐻 −𝑉 𝐿)

=

𝑉𝐻
𝑅𝐻

(38)

Then, the normalized inductor time constant is
defined as
𝑇𝐿𝐻 ≡

𝐿
𝑅𝐻 𝑇𝑠

=

𝐿𝑓𝑠
𝑅𝐻

Mode 1: During this time interval, S3 is turned on
and S1/S2 are turned off. The current flow path is
shown in Fig 8(a). The energy of the high-voltage
side VH is transferred to the coupled inductor, the
capacitor CL, and the load.
𝑖𝐿1 = 𝑖𝐿2
𝑢𝐿1 + 𝑢𝐿2 = 𝑉𝐻 − 𝑉𝐿
By substituting we get

(42)

(39)
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𝑑𝑖𝐿1 𝑡
𝑑𝑡

=

𝑑𝑖𝐿2 𝑡
𝑑𝑡

=

𝑉𝐻 −𝑉𝐿
2 1+𝑘 𝐿

(43)

Mode 2: During this S3 is turned off and S1/S2 are
turned on. The current flow path is shown in Fig 8(b).
The energy stored in the coupled inductor is released
to the capacitor CL and the load.
Thus, the voltages across L1 and L2 are derived as
𝑢𝐿1 = 𝑢𝐿2 = −𝑉𝐿
By substituting we get
𝑑𝑖 𝐿1 (𝑡)
𝑑𝑡

=

𝑑𝑖 𝐿2 (𝑡)
𝑑𝑡

=−

(44)
𝑉𝐿

1+𝑘 𝐿

(45)

By using the state space averaging method, the
following equation is obtained from
𝐷(𝑉 𝐻 −𝑉 𝐿)
2 1+𝑘 𝐿

−

1−𝐷 𝑉 𝐿
1+𝑘 𝐿

=0

By simplifying we get
𝐺𝐶𝐶𝑀(𝑠𝑡𝑒𝑝 −𝑑𝑜𝑤𝑛 ) =

𝑉𝐿
𝑉𝐻

=

𝐷
2−𝐷

(47)

3.2 DCM Operation:
Mode 1: During this time interval, S3 is turned on
and S1/S2 are turned off. The current flow path is
shown in Fig 8(a). The operating principle is same as
that for the mode 1 of CCM operation. From, the two
peak currents through the primary and secondary
windings of the coupled inductor are given by
𝐼𝐿1𝑝 = 𝐼𝐿2𝑝 =

(𝑉 𝐻 −𝑉 𝐿 )𝐷𝑇𝑠
2 1+𝑘 𝐿

(48)

(46)

Fig 7 Step-down mode
Fig 8 Current flow path of the proposed converter in step-down mode. (a) Mode 1. (b) Mode 2.
(c) Mode 3 for DCM operation
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Mode 2: During this S3 is turned off and S1/S2 are
turned on. The current flow path is shown in Fig 8(b).
The energy stored in the coupled inductor is released
to the capacitor CL and the load. The currents iL1 and
iL2 through the primary and secondary windings of
the coupled inductor are decreased to zero at t = t2.
From, another expression of IL1p and IL2p is given as
𝐼𝐿1𝑝 = 𝐼𝐿2𝑝 =

𝑉 𝐿 𝐷2 𝑇𝑠

(49)

1+𝑘 𝐿

𝐷(𝑉 𝐻 −𝑉 𝐿 )

(50)

2𝑉 𝐿

The average value of the output capacitor current
during each switching period is given by
1

𝐼𝑐𝐿 = 2

1

𝐷𝑇𝑠 𝐼𝐿1𝑝 +2 𝐷2 𝑇𝑠 2𝐼𝐿1𝑝 −𝐼𝑜 𝑇𝑠

𝐷2 𝐼𝐿1𝑝 − 𝐼𝑜

𝑇𝑠

=

1
2

𝐷 2 𝑇𝑠 [ 𝑉 𝐻 −𝑉 𝐿 𝑉 𝐿 + 𝑉 𝐻 −𝑉 𝐿 2 ]
4 1+𝑘 𝐿𝑉 𝐿

𝐺𝐷𝐶𝑀 (𝑠𝑡𝑒𝑝 −𝑑𝑜𝑤𝑛 ) =

Mode 3: During this time interval, S3 is still turned
off and S1/S2 are still turned on. The current flow path
is shown in Fig 8(c). The energy stored in the
coupled inductor is zero. Thus, iL1 and iL2 are equal to
zero. The energy stored in the capacitor CL is
discharged to the load.
𝐷2 =

Fig 9 Boundary condition of the proposed converter
in step-down mode
By substituting we get

𝑉𝐿
𝑉𝐻

=

=

𝑉𝐿

(52)

𝑅𝐿

2
16(1+𝑘)𝜏 𝐿𝐿
1+ 1+
𝐷2

(53)

3.3 Boundary Operating Condition of CCM and
DCM
When the proposed converter in step-down mode
is operated in BCM, the voltage gain of CCM
operation is equal to the voltage gain of DCM
operation, the boundary normalized inductor time
constant τLL, B can be derived as follows
𝜏𝐿𝐿,𝐵 =

1−𝐷 (2−𝐷)

(54)

2 1+𝑘

𝐷𝐼𝐿1𝑝 +
(51)

.
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(b)
Fig 10 Voltage gain of the proposed converter and
conventional
bidirectional
boost/buck
converter in CCM operation in (a) Step-up mode
(b) Step-down mode

IV RESULTS

Fig 11 load voltage for step up mode

In order to verify the performance of the proposed
converter, a 70/210-V simulation circuit is built in the
MATLAB / Simulink for the hybrid electric system.
The electric specifications and circuit components are
selected as VL = 70 V, VH = 210 V, fs = 50 kHz, Po =
200 W, CL = CH = 330 μF, L1 = L2 = 15.5 μH (rL1 =
rL2 = 11 mΩ). Also, MOSFET IRF3710 (VDSS = 100
V, RDS(ON) = 23 mΩ, and ID = 57 A) is selected for
S1, S2, and S3. Some results in step-up and step-down
modes are shows the waveforms of load voltage fig
11 and fig 14 and the DC machine performance
characteristics waveforms in fig 12 and fig 15.and the
input current iL and the coupled inductor currents iL1
and iL2 in fig 13 for step-up mode. It can be seen that
iL1 is equal to iL2. The current iL is double of the level
of the coupled-inductor current during S1/S2 ON-period
and equals the coupled-inductor current during S1/S2
OFF-period. Fig. 16 shows the waveforms of the
current iLL and the coupled-inductor currents iL1 and
iL2 in step-down mode. It can be observed that iL1 is
equal to iL2. The current iLL equals to the coupledinductor current during S3 ON-period and is double of
the level of the coupled-inductor current during S3
OFF-period.
Moreover, the prototype circuit of the conventional
bidirectional
boost/buck
converter
is
also
implemented in the laboratory. The electric
specifications and circuit components are selected as
VL = 14V, VH = 42V, fs = 50kHz, Po = 200 W, L1 =
28 μH (rL1 = 15 mΩ), CL = CH = 330 μF. At fullload condition, the measured efficiency of the
proposed converter is 92.7% in step-up mode and is
93.7% in step-down mode. Also, the measured
efficiency of the proposed converter is around
92.7%–96.2% in step-up mode and is around 93.7%–
96.7% in step-down mode

Fig 12 DC machine performance characteristics

Fig 13 Inductor currents
Step-down mode:

Step-up mode:
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V CONCLUSION

Fig 14 load voltage for step up mode

This paper researches a novel bidirectional dc–dc
converter drive. The circuit configuration of the
proposed converter is very simple. The proposed
converter has higher step-up and step-down voltage
gains and lower average value of the switch current
than the conventional bidirectional boost/buck
converter which drives the hybrid vehicle. From the
simulation results, it is see that the waveforms agree
with the operating principle and steady-state analysis.
At full-load condition, the measured efficiency is
92.7% in stepup mode and is 93.7% in step-down
mode. Also, the measured efficiency is around
92.7%–96.2% in step-up mode and is around 93.7%–
96.7% in step-down mode, which are higher than the
conventional bidirectional boost/buck converter
drive.
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