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Abstract—To improve the overall efficiency of modern build-
ing elevator, an active regenerative braking converter using a
bidirectional Buck-Boost converter is implemented. The conver-
ter is connected in parallel to the inverter DC-bus. Energy is
stored in a set of super capacitors during regeneration and it is
transferred back to the DC-bus when the elevator accelerates.
The control strategy of the storage system with super capacitors
is proposed. In order to validate the effectiveness of the proposed
method, the simulation model of the elevator system has been
built up. Simulation results show that the control strategy can
achieve recycling and reuse of regenerative energy in traction
elevator.
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With the rapid growth of China's economic strength, the
contradiction between power supply and demand is becoming
increasingly prominent, and the shortage of electric energy
restricts the development of national economy, energy
conservation and emission reduction has become an important
part of national strategy [1]. In China, about 30% of the social
energy consumption is the building energy consumption,
which is the largest energy consumption. Therefore, the
reduction of energy consumption has become a key factor for
the competitiveness of elevators as it can essentially improve
the total energy
efficiency of a building [2].

INTRODUCTION

When the elevator operates in descending with heavy load
and upward with light load or braking state, regenerative
energy 1is generated, transported to the super capacitor
paralleled to the inverter DC side by the freewheeling diode,

This work was supported by the Province Public Welfare Technology Re-
search Industry Project for Zhejiang under grand No. 2016C31115 and Huz-
hou public welfare Technology Application Research Project under grant No.
2015GZ05.

© 2016. The authors — Published by Atlantis Press

0160

Peiliang Wang
School of Engineering
Huzhou University
Huzhou, Zhejiang, P.R. China
wpl@hutc.zj.cn

Yuxiang Xu

School of Engineering
Huzhou University
Huzhou, Zhejiang, P.R. China
xyx2008@hutc.zj.cn

which produces pumping voltage in the DC side [3]. In order
to restrain the pumping voltage, the energy consumption
resister is usually used, it is easy to implement, but the
regenerative energy is wasted in the form of heat, which
causes high temperature in the engine room, and the heat
dissipation cost is increased. With the development of grid
connected technique, the regenerative energy feedback to
power grid [4-5] to achieve energy saving and green
environmental protection, which can reduce the energy
consumption, while it faces similar technical problems to wind,
solar and other grid-connected equipment, and the power of
elevator in different operation conditions changes a lot, in the
energy feedback process the power grid voltage is influenced,
affecting its normal operation. The downstream of the grid
users will be disturbed, and even the safe operation of power
grid is affected, so additional strategy has to be used to have
better power quality.

With the development of new energy storage technology
such as flywheel, superconductor, super capacitor, energy
feedback technology based on energy storage device with
super capacitor is widely used in the control of elevator energy
saving [6-14]. Aiming at the shortcoming of fluctuation
regenerative energy affects the power quality in energy
feedback power grid, [6] proposes grid power optimization
control to reduce the fluctuation of power grid and improve
the power quality. The method of traffic flow difference was
introduced in [7] to determine the capacity of the super
capacitor in elevator energy storage, and the control strategy
under different energy state is studied. The structure and
control strategy of super capacitor energy storage for elevator
is analyzed in [8-11]. For imbalanced voltage of single
capacitor, super capacitor voltage balancing strategy is
proposed in [12] to prevent the voltage unbalance of influence
system safety. In [13-14], energy management of super
capacitor energy storage system is studied.
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In view of the traction elevator energy saving control, the
paper presents a control strategy for energy storage elevator
based on bidirectional Buck-Boost converter. Firstly, the
structure of the energy storage elevator is introduced. And
then, the equivalent circuit and mathematical model of storage
energy system are analyzed, on this basis, the charging and
discharging of super capacitor control strategy is studied.

Finally, the simulation model of the elevator system is built up.

II.  STRUCTURE OF ENERGY SOTRAGE ELEVATOR WITH

SUPER CAPACITOR

Figure 1 shows the energy storage elevator with super
capacitor, which is mainly composed of AC power source,
bridge rectifier, inverter, traction machine, weight, car and

super capacitor unit.
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Fig.1 Energy saving elevator with super capacitor

When the elevator operates in descending with heavy load,
upward with light load or deceleration and braking state,
traction machine is in renewable power state, regenerative
energy is inverted into DC power, and then stored in the super
capacitor unit through bidirectional converter. On the one
hand, the stored energy can be transformed back to the DC-
bus to provide energy of the traction machine by the
bidirectional converter when the elevator operates in motor
state again, on the other hand, it can provide energy to elevator
auxiliary system by the emergency power supply. Generally,
multiple super capacitor series was connected in parallel or
series to form a super capacitor unit.

DC/DC bidirectional converter, super capacitor unit (SC)
and emergency power supply (EPS) together constitute the
super capacitor energy systems, cooperated with the inverter
to improve the overall efficiency of the elevator.

III. MODEL OF ENERGY STORAGE SYSTEM WITH SUPER

CAPACITOR

A. Equivalent circut

DC/DC bidirectional converter is the core component to
realize energy recovery and reuse, one end is connected to the
inverter DC-bus and the other end is connected with the super
capacitor unit. The super capacitor unit is connected in parallel
or series with a lot of super capacitors according to the
capacity requirement, and the physical characteristic is
complex. In order to facilitate the analysis of the power
converter, the lumped circuit model of the super capacitor is
adopted. Therefore, the equivalent circuit model of the energy
storage system with super capacitor can be established as
shown in Figure 2, in which, R is equivalent series resistance,
Rep is the equivalent parallel resistance, Cgc is  the ideal
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capacitor, isc is the charging and discharging current of the
super capacitor, Vsc is the voltage of super capacitor.

When VT, is on, VT, is periodic turn on and turn off,
bidirectional DC/DC converter works as a boost converter, the
super capacitor is in the discharging state, for a switch period
T, assuming the turn on time of VT, s t,, and the turn off time
is t,g, on the basis of energy conservation, it can be obtained
that
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Fig.2 Equivalent circuit of energy storage system with super capacitor
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When VT, is off, VT, is periodic turn on and turn off,
bidirectional DC/DC converter works as a buck converter, the
super capacitor is in the charging state, for a switch period T,
assuming the turn on time of VT, is t,,, and the turn off time is
tofr, on the basis of energy conservation, it can be obtained that
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B. Mathmatical model of the converter

1) Buck working mode

When the elevator operates in renewable power generation,
and the capacitor voltage does not reach the maximum
threshold voltage, regenerative energy generated by traction
machine will be stored in super capacitor unit through
bidirectional DC/DC converter, converter works in buck mode,
the small signal mathematical model is shown in Figure 3.
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Fig.3 Small signal mathematical model of Buck
Set the small signal disturbance of DC bus voltage V,, =0,
the transfer function from the duty cycle to the current

disturbance, and the current disturbance to the voltage
disturbance of the super capacitor can be got

Pel0)
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The voltage and current double closed loop control is
composed by the voltage vsc and the charging current igc of
the super capacitor, the control block diagram of which is
shown in Figure 4.
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Fig.4 Control block diagram of Buck mode

2) Boost working mode

When the elevator operates in motor state, and the voltage
of the capacitor is greater than the minimum threshold voltage,
the super capacitor discharges first to supply energy to traction
machine, converter works in boost mode, the small signal
mathematical model is shown in Figure 5.
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Fig.5 Small signal mathematical model of Boost
The transfer function from the duty cycle disturbance to
the current disturbance and the current disturbance to the DC
bus voltage disturbance can be derived
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The DC bus voltage Vpc and discharging current igc are
used to form the voltage and current double closed loop
control, and the control block diagram of which is shown in
Figure 6.
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Fig.6 Control block diagram of Boost mode

IV. THE CHARGING AND DISCHARGING CONTROL STRATEGY OF
SUPER CAPACITOR

Energy
imanagement

Fig.7 Control block diagram of super capacitor charging and discharging
The charging and discharging control of the super
capacitor is completed by the different operation modes of the
bi-directional DC/DC converter. When the super capacitor

discharges, the bidirectional converter works in the buck mode;

and when the super capacitor charges, the bidirectional
converter works in the boost mode. It can be seen from Figure
4, Figure 6, the super capacitor voltage vsc, DC bus voltage
Vpc, super capacitor charging and discharging current igc are
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used as the control variables to get super capacitor charging
and discharging control block diagram, which is shown in
Figure 7.

The bidirectional converter works in buck mode or boost
mode according to the DC bus voltage, super capacitor voltage
and energy management strategy, and then the current
reference can be determined, through the current regulator,
and triangular wave cut production is accounted for duty cycle
signal, Figure 8 shows the control block diagram of working
mode switching.

Fig.8 Working mode switching

V. SIMULATION

To verify the effectiveness of the control strategy of the
super capacitor energy storage system, the simulation model
was built up in Matlab 2013/Simulink, and simulation
parameters are shown in Table 1 below.

TABLE 1. THE PARAMETERS OF THE ENERGY STORAGE SYSTEM
Parameters Values Parameters Values
Capacity of the Parallel resistor
K 25F 10000Q2
super capacitor Cq. Rep
X . energy storage
Series resistance R 0.04Q 240V/180V
threshold
. Energy storage
Initial voltage 175V . 0.5mH
inductance
Bus voltage 510V~600V | Bus capacitor 0.5mF
Charging Discharging
600 > process | | process
%560
3 P
520
240 - )
2210 — Ehak?
180
30 |
<15
20
-15
-30

Fig.9 The braking process of traction elevator

Firstly, it gives the simulation of elevator braking process,
when the DC bus voltage by 535V increases up to 600V,
several seconds later, and in the 600V gradually reduced to
510V, the voltage and the current of the super capacitor in the
process are shown in Figure 9. Thus, bidirectional converter
operates in buck mode to charge the super capacitor, the
voltage from the initial voltage 175V rose to maximum
voltage 240V, and maintain 240V remains unchanged, the
energy storage of the elevator is stored, when the DC bus
voltage continued reducing in after, bidirectional converter
operates in boost mode to discharge the super capacitor, the
voltage began to decrease from 240V, the capacitive current is
converted from positive to negative.
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During the charging and discharging process of the super
capacitor, the simulation results of the voltage close to the
threshold voltage are shown in Figure 10 and Figure 11. When
the super capacitor charges, Vsc is gradually increased, as
close to the maximum threshold voltage value, charging
current igc decreases gradually, until Vgc increases to 240V, igc
reduces to 0, VT and VT, are off. When the super capacitor
discharges, Vsc is gradually decreased, as close to the
minimum threshold voltage, discharging current isc decreases
gradually, until the vgc is down to 180V, isc reduces to 0, VT,
and VT, are off.
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Fig.12 Charging and discharging switching of super capacitor
When the DC bus voltage is changed, the working mode of
the bidirectional converter is switched, and the simulation
result is shown in Figure 12. It can be seen from Figure 12 that
when the DC bus voltage is suddenly reduced, the converter

can realize the switch between buck mode and boost mode fast.

VI. CONCLUSION

In this paper, the control strategy of energy storage
elevator with super capacitor based on non-isolated buck-
boost bidirectional DC converter is proposed aiming at the
problem of interference of harmonic wave in energy feedback
power grid method. The structure and the model of energy
storage elevator with super capacitor are analyzed, and the
charging and discharging control strategy of super capacitor is
studied, and then the simulation model of super capacitor
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energy storage system is built up. The simulation results show
that the proposed energy storage control strategy can achieve
the regenerative energy recycling and reusing, is of great
significance to the research on energy saving elevator.
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