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Abstract.  This paper comprises a basic scheme of the establishment of uninterrupted supplying 
power in general industrial system, among them some key segments, e.g. test for storage batteries, 
establishment of electrification system of storage battery and uninterrupted supply system for 
induction machine load.  
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1.  STRUCTURE of UNINTERRUPTED POWER 
SYSTEM 

 
Uninterrupted Power Supply (UPS) Details 
An electrical drive with induction machine at 10 kW power 
rating has to be operated without interruption of drive torque 
in case of a line interruption over at least one hour by means 
of electrical energy stored in batteries. For this, a minimum 
expenditure power supply unit composed of standard 
components is to be designed, realized and documented. [1] 

• Design of power section and sequence control of an 
uninterruptible power supply for an induction motor, based 
on an inverter with voltage source DC link, a battery unit, 
with charging and a voltage equalisation circuit for series 
connected batteries, and a line converter. 

• Design, setup and commissioning of a test bench for 
capacity measurement of the individual 12 V, 50 Ah (rated) 
lead-acid batteries at various constant discharge currents and 
at constant discharge power values, including a protection. 

• Realization of the individual modules of the power 
supply unit including battery monitoring, assembling, 
commissioning and test of the total system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Fig. 1.1.  A block diagram 
 
 
 
 

 
 
 
Cautions during using UPS 
 The environment for using the UPS shall be well ventilated, 
good at heat radiation and clean. The output load of the UPS 
shall be limited at about 60 % preferentially to achieve the 
highest reliability. 
  
Appropriate discharge is helpful to activate the batteries. If 
the commercial power cut doesn't happen in a long term, it's 
necessary to cut off the commercial power deliberately and 
let the UPS with load to discharge once every three months, 
so as to extend the service life of the batteries. This also 
ensures operation. [2 
  
After discharge, UPS shall be charged promptly to avoid the 
damage of the battery caused by extended exposure time at 
low charge state causing irreversible chemical degradiation. 
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Common electrical problems and different solutions 
The commercial power system, serving as public power 
grid, is connected with thousands of various loads, among 
which such loads as large inductive and capacitive loads as 
well as loads of switch power supplies, etc. Load not only 
obtains electrical energy from the power grid, but also 
causes adverse effect to the power grid itself by 
deteriorating the power supply quality of the power grid. 
Besides, unexpected natural accidents and accidents caused 
by human beings, such as fire, lightning strike, short circuit 
of the power transmission and transformation system, also 
can damage the normal power supply of electricity, and 
effect the normal operation of the load.   
 
2.  ACCUMULATOR and BATTERY DISCHARGING 

CIRCUIT 
 

Task Introduction 
The UPS power in this system which is used to drive a 
10kW asynchronous motor is used as the backup power for 
the cooling system for a metallurgy process. According to 
the theory stated before, the power of an excellent UPS 
system shall be 2 times of that motor, so the power of the 
storage battery itself shall be 20kW. If the rated operating 
voltage range of each battery roughly supposed to be 
12± 1,5 V and its rated discharge current to be 50Ah, then 
it needs about 35 batteries in series for a transformerless 3-
phase solution. If 40 storage batteries with the same model 
in series are planned to be used in this system as the core of 
UPS, then it can stand 10kW short-term (about 1 hour) 
workloads. 
 
The way of connecting the storage battery into the electricity 
network as reserve power is shown in figure 1.1. When the 
electricity network is in normal operation, the current in the 
electricity network after being rectified and inverted can 
drive asynchronous motor with load when the storage 
battery is in charging condition and will not supply power to 
the load. If the electricity network can not normally drive 
the load due to failure, then the electricity network will not 
supply power to the load, when the storage battery group is  
connected at the input end of the inverter in order to provide 
power to the load in a short term until the repair of the 
electricity network is finished. 
 
By the foregoing analysis and introduction of electronic 
components, the battery discharge circuit can be designed as 
follow based on the demand of its characteristics, the 
specific planning has been shown in the figure 2.1. This 
circuit is made up of a battery, TL084, BC238, a power 
amplifier, a heavy current load resistor, some heat 
dissipation device, some lab resistor, some capacitor, 
78L05, a switch and a sliding rheostat. The introduction of 
specific component has been mentioned above, so here is 
some detailed about this circuit. What supply the power and 
controlling component discharge in this discharge circuit is 
both the battery itself without any external power supply. So 
the battery must be assured working in rated voltage, which 
means the discharge experiment would be terminated if the 
battery voltage is lower than the certain value. The design of 
the protective circuit will be elaborated on in future. 

 
 
Fig.  2.1.  Main battery discharge circuit 
 
In the figure 2.1, the yellow resistance is loading, using two 
parallel resistors. Amplifier I is comparator and amplifier II 

is differential amplifier circuit. Darlington tube 1T  Dynatron 

BC238 is proposing circuit of Darlington tube opening (that 
is, by controlling BC238 base circuit, to achieve control for 
Darlington tube switch). Exoelectric main circuit is battery-
loading resistance-Darlington tube. Amplifier II is 
responsible for monitoring two ends voltages of load 
resistor, which is feed back to comparator and for 

comparison with another voltage *U (reference voltage). 
Comparator I output end, can achieve the control of entire 
circuit.  
 
It has been regulated in chapter 1 that the rated power is 
600W and the rated voltage is 12V, which means the battery 
rated current is 50A with the rated power and the working 
span of battery voltage is 13.5V~11V. After some 
calculation, the discharge current should be between 44.44A 
and 54.55A with rated power. Considering that the high 
power load resistor in this discharge circuit is two 0.2Ω , 
300W resistors respectively in parallel, so the following is 
required: the voltage across the two load resistors should be 
between 4.4V~$5.4V; Discharge current ought to be lower 
than 50A when the voltage is higher than 12V, whereas 
discharge current ought to be higher than 50A when the 
voltage is lower than 12V. Thereby the battery can be 
assured to discharge with the 600W rated power. 
 
In the lab, firstly feasibility study is done for discharge 
circuit. It's very dangerous to use 50A current so, first of all, 
in accordance with 5A discharge current design, practical 
method very simple, just replacing the 0.2Ω  resistor with 
2Ω  one. When circuit is feasible, we rechanged the load 
resistor in the circuit to 0.2Ω  for the battery monitoring. 
 
Battery discharge process should be carried out in 
accordance with certain conditions; discharge circuit 
requires two functions: 

• constant power discharge 
• constant current discharge 

 
 
 
 
 



 3 

Discharge with constant power 
The above introduced main circuit form of battery 
discharge, through auxiliary circuit feedback, battery 
between 13.5V~11V can be discharged according to 
constant power to achieve detection of the battery. The 
external circuit discharge current is equal to: 
    

battbatt
batt UBconstAconstU

U
I *..*427.013.10

34.2
13.10 −=−=−=

 
This formula is obtained by proximate calculate when 
battery voltage between14V~10V, using 12V average 
voltage in lieu of all voltages between this interval, then we 
can get a current formula about voltage. The battery voltage 
between 14V~10V, the formula can be used for linearity 
discharge. 
From the formula we can see when battery voltage is higher 
than 12V, current lower than 5A; conversely when battery 
voltage is lower than 12V, current higher than 5A. There is 

only one variable battU  in this formula. If 1V represents 

1A, *U  in direct proportion to: 
 

    battUconstBAconstIU *.* −=α  

 
*U can be signal of feedback to comparator and used to 

control BC238 on-off and current magnitude of discharge 
circuit. The specific circuit is shown in figure 2.2. 
 
 

 
 
 
Fig. 2.2.  Complete discharge circuit 
 

Discharge with constant current 
The detection of discharge in constant current is also 
involved in battery detection. That's to say, keep the voltage  
between 11V and 13.5V, make the battery discharge with 
constant current, for example, 50A, record the time span of 
discharge, and then determine the quality of the 
battery. To get the discharge circuit diagram with constant 
current, it is only needed to make some improvement on the 
discharge circuit with constant power. In the discharge 

circuit with constant power, *U  is altered linearly as a 
feedback voltage, and the current is altered together with 
this voltage, so it is realized to keep the product of voltage 
and current namely power to be constant. As introduced 

above, the current is proportional to *U , so it will not vary 

and discharge with a constant value if *U  was kept 

constant. If the switch in the figure 2.2 is closed to 2K , the 

current can be invariable. Since what 2K  is connected to is 

the voltage signal that comes from 78L05 through the 
sliding rheostat. We can get a current of any value by 

adjusting the sliding rheostat and *U  will be invariable 
when we stop adjusting it, with the current constant 
correspondingly. 
As stated above, the design of circuit has realized two forms 

of storage battery discharge. The switching of 1K  and 2K  

can perform both the discharge experiments with constant 
power and current. And we can get the optimal discharge 
circuit by fine tuning the sliding rheoastat. 
 

3.  VOLTAGE BALANCE SYSTEM of BATTERIES 
 
The discharge circuit of the batteries is shown in figure 3.1. 
A 4N25 type opto-coupler is used in test. When the output 

of 
1

V summation is a sufficient and positive voltage, the 

opto-coupler opens and generates an amplifying current 
which can be used as the base opening current of BD139 
triode of the battery discharge circuit. The collector 
electrode and emitter electrode of BD139 are connected to 
the anode and cathode respectively of the battery to 
constitute a discharge loop. The discharge current of the 
discharge loop can be limited by the resistances installed on 
its collector electrode and emitter electrode. It is specified in 
the test that the current of BD139 after conducted is about 
100mA, and the resistance which can be obtained by ohm's 
law is about 100Ω . Because the maximum power of the 
resistance used in test is 0.6W, a plurality of resistances with 
low value respectively are needed to be connected in series 
to replace one 100Ω  resistance. The specific scheme is 
shown in the figure where a resistance of 27Ω X4 is 
adopted to replace a 100Ω  resistance. The power 
consumption of each resistance is calculated to be about 
0.3W. It is tested that when the current is 100mA, the 
resistance is slightly hot, and the discharge effect is good. 
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Fig. 3.1.  Battery discharge control and discharge system 
 
Battery Charging System 
The input voltage of charger is 220V AC and the output is 
54V DC, the rated power is 300W, the rated current is 6A. 
Each charger can charge 4 batteries in series connection, 40 
batteries add up to 10 chargers. Due to the battery are 
connected in series, the charger must be contacted in series 
too, it can make the charger and battery having the same 
value of voltage. The total circuit is shown in figure 3.2. The 
charging devices in figure are named Cha1, Cha2...Cha10. 
According to the chart, the chargers are connected in series, 
and then take the negative pole output of the Cha5 to the PE 
(protective earth) point, after that the -270V~270V DC 
voltage can be obtained, this voltage can be used as 
charging voltage for the 40 batteries, each charger output 
charges corresponding to 4 in series connected batteries, for 
preventing the danger of over current from battery short-
circuit, between every 4 batteries 80A fuses are installed, in 
addition the diodes are connected in parallel on each battery 
shown in figure 3.2, the diodes are used as bypass in case 
some batteries have problems: the current flows through the 
diode on the corrupted battery during discharge of battery 
unit, this failure battery is bypassed and will not be reversely 
charged (at opposite of natural polarity).  
 

 
 

Fig. 3.2.  Sketch of battery charging 
 
The circuit above mentioned is the balancing circuit for 
battery voltage before the battery is charged. The circuit is 
capable of making the voltage difference of each battery 
tend to 0V, thus realizing the safe charge of the storage 
batteries. 
  

 
 
Fig. 3.3.  Duration distribution of the battery discharging 
with constant 50A 
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The battery discharging duration distribution can be seen in 
figure 3.3. From the statistical figure can be found that most 
battery discharging with 50A can sustain more than 20 
minutes, these batteries can be used as power supply for 
UPS system. 
 

4.  STRUCTURE of UPS SYSTEM 
 
Grid power supply system 
In normal situation, the power supply source of load motor 
comes from power network. After 400V voltage of power 
network goes through the converter for rectification and 
inverting, according to the parameter setting inside the 
converter, it supplies the required power to the 10kW 
asynchronous motor. 
 
In the situation that the power network works normally, the 
battery should be in the status of charging. When the power 
network is malfunction, the battery should immediately cut 
in the direct current links of the converter, and after passing 
the inverter and turn into three phase alternating current to 
continue supply power to load motor. 
 
However, the battery power source cannot supply power 
with no limit for load motor. When the voltage power 
network cannot recover for along time, and the battery 
voltage is under specific value, if it still continues to supply 
power to the load, not only it cannot fulfill the load under 
rated condition for working, it also can be harmful to the 
battery (battery works under very low voltage will be 
seriously decrease the working life of the battery). 
Therefore, at this moment, the battery must be disconnected 
from the converter, until the battery has been fully charged 
before using it again. The device controls if batteries are 
working or not. [3] 

 
The battery charging device has output rating voltage about 
54V. This voltage can be series connected for four batteries 
to charge. The theoretical value for batteries being fully 
charged is 54/4=13.5V. Total batteries are 40 pieces, total 
series connection voltage is 13.5 X 40=540V. DC link of the 
converter is 560V, a little bit higher than battery voltage. 
Therefore, the relay that connects the battery and DC link of 
the converter can be designed in figure 4.1. 

 

 
 
Fig. 4.1.  Scheme of grid or battery alternatively working 
 

The red curve in figure 4.1 shows battery voltage, and the 
voltage when the battery was fully charged the average 
value is 540V. The green curve shows the direct current 
voltage of converter. The yellow curve shows the minimum 

allowance voltage 
.minBATTU  for the battery when it is in the 

status of working. Hereon, the setting for the minimum 
allowance voltage for the battery when it is in the status of 
working is 13V [4]13 X 40=520V. After the converter starts 
up, the DC voltage follows the capacitor charging inside the 
converter and is gradually increasing. When the voltage of 

direct current CDU  is higher than battery voltage (point A 

in the picture), the relay that is located between the battery 
and direct current of the converter can be closed (tuned on). 

At this time CDU > batteryU , power supply fed by power 

network. At the same time, there is a diode between the 
battery and DC link of the converter, there is no current flow 

from CDU  port to battery. 

 
When the power network is malfunction for a short time, the 

voltage of direct current CDU begins to drop. When CDU  

voltage drops below battery voltage (point B in the picture), 
the diode that is located between the converter direct current 
and battery starts conduction. Due to battery, it continues to 
supply power to the load, it demands relay A to continue to 
conduct. After a short time of malfunction, and the power 
network recovers again, when the power network voltage is 
increased to the position C in the picture, the battery will 
stop to supply the power, and switch to the status of 
charging until the battery is full, and power network 
continues to supply power to the load. 
 
When the power network is malfunction for a long time, the 
direct current from rectifier is 0. The battery continues to 
supply the power to the load through the converter (point D 
in the picture), as the extended time for the battery to supply 
the power. The battery port voltage decreases to the 

minimum voltage 
.minBATTU of allowance battery working, as 

point E in the picture. After that, the battery stops 
continuing to supply power to the load, and switches to the 
charging status, relay A disconnects, and load motor stops 
running. After the battery is charged fully again, if required 
the battery continues to supply power to the load for a 
period of time. 
 
As mentioned above, the practical process of relay A turn on 
and turn off when controlling the relay A, precaution have to 
be taken for some conditions as the following: 

• When the converter starts up, the direct current 

voltage CDU  is higher than the battery voltage 

batteryU , and the battery voltage CU  is higher 

than the minimum voltage for working battery 

.minBATTU , relay A is in on-state. 

• After the power network falls off, it means that 

the direct current voltage CDU  changes from 

being higher than the battery voltage to be lower 
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than the battery voltage: relay A is not allowed to 
turn off. Otherwise, the battery cannot continue 
to supply power to the load after this. 

• When the battery voltage has gotten lower than 
the reference voltage (relay A was disconnected) 
and for this idling state condition (current=0) the 
battery voltage moves to be higher than the 
reference voltage, relay A doesn't allow auto 
restart. Otherwise, the evident of that relay A 
being frequently started up will appear. 

 
From the conditions above, we can see that condition 1 and 
condition 2 are about relay A turn on or turn off, and it is in 
mutual conflict. If it is only the signal of the different 
voltage to control relay, it will not work. It was already 
introduced in chapter 2 about two CD4093 can form up to 
be one memory function, and it can be used here. 
 

 
 
Fig. 4.2.  UPS system structure 
 
Emergency switch control circuit can be achieved with two 
CD4093, circuit diagram as shown in figure 4.2. Before the 

operation of the system, press 1K , X gets HI output signal, 

the signal controls at the same time the relay B and C turn 

on, 1L  lights. When the system must be maintained, press 

2K , X gets LO output signal, relay B and C turn off, 2L  

lights, at the moment no power is supplied to the load, it can 
be carried out maintenance operations. [5] 

 
 

5.  CONCLUSION 
 
Due to the battery to be used in this test is old battery, 
therefore, it did not follow the theoretical value to charge 
and discharge in the testing. The discharging test is between 
11V and 11.7V. The nameplate of the battery is 12V50Ah, 
but actually, the battery can maintain 30 minutes for 50A of 
discharging, and after full charging, it cannot reach 13.5V 
for each piece as the charger efficiency, and will get 
different of voltage dropping. But if it follows 30 minutes of 
the UPS system working requirement, these batteries can be 
continued to be used, and will not be over heat or be danger 
of unstable discharging. For the battery capacity 

characteristics researching, many batteries are measured 
with different constant currents, so do can save a lot of time, 
but the result is not exactly, because each battery features 
are not the same, a more accurate method for battery 
capacity researching is select a battery to measure the 
charging and discharging process with different constant 
current. 
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