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Abstract: The communication circuit system was affected lghhemperature environment

when the discharge circuit was working. The heatihthe discharge resistor aggravates the
temperature of the whole discharge circuit. Thismmenon will lead to the problem of the

discharge function of the system. In order to steeproblem, a monitoring and optimization

of a discharge control circuit based on commurnicaisystem was designed. This paper
analyzed the principle of the discharge circuit gmmdposed a method of increasing the
conduction current to realize the optimal dischacgatrol of discharge resistance. This
method effectively avoided the trouble of dischargseistance with heating and smoking
caused by temperature environment and improved ri@bility and stability of

communication circuit system.

Index Terms: Communication Systemdischarge control circuit optimization design.

I .Introduction

Communication technology has been well developeith wWie rapid development of
science and technology in modern society and @aysnportant role in people’s life. At the
same time, this influence is expanding. As a nesustry, it has great significance to our
country with the development of communication eeghing. In the current information age,
people have got the demand of information througimrounication engineering, and
communication engineering has brought convenienceebple’s life, and people’s work
efficiency is greatly improved. Communication citcsystem is the core of communication
technology reserch, it can realize the effectiveanextion of communication information
between user and terminal equipment [1][2]. Disgbarcircuit is widely used in
communication circuit system, and it was used twigle control power and dynamic power
to the system, and complete the orderly power ef gistem and the pumping voltage
discharge on DC generator. Discharge control direuas the core component of the
communication system. When communication circugtesym worked at a high temperature,
the temperature of communication circuit systenesrisharply with the state of discharge.
When it worked more than an hour, the temperatlitheocommunication circuit system can
reached 6 , antthe system goes wrong with the failure of dischdugetion. This problem



affects the stability of the system. Therefore, howsolve this problem is a difficult thing
faced by the stable operation of the system [3].

IT .Schematic of Discharge Circuit
The discharge function of communication circuit teys consists of two parts.
Discharge control circuit and discharge main circlihe discharge control circuit mainly
detects the bus voltage, and generate IGBT povier signal of switch main circuit after
setting the discharge point and stagnation poihé main discharge circuit includes IGBT
power tube and discharge resistor, and it was maistd to discharge the pumping energy
of bus voltage. The schematic diagram is showngriF
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Fig.1 Schematic diagram of discharge circuit

From the Fig.1, it was input to the relief controbdule U2 after the bus voltage
(BUS+—BUS-) is divided. Compare with the dischapgent and stagnation point, it output
discharge control signal. When it is detected tift bus voltage is grater than the set
discharge point voltage, from high level dischasgmal of 1-pin of module U2 to front end
of resistor R30, after optocoupler U5 isolatiorertithrough the operational amplifier power
amplification by U6, and output high level signalttirn on the power transistor of-e22,
and pumping energy on bus voltage is releasingutirathe circuit” BUS+»> Discharge
Resistor~ BUS-", the bus voltage decreases after energyseleWhen the bus voltage is
detected to be less than the set stagnation poltage, the resistance R30 front end signal
becomes low level voltage, and the output signabpdrational amplifier is also low level
voltage, it can turn off the power tube IGBT [4]h& whole circuit loop is break off with

“BUS+ —Discharge Resister»-BUS-", the discharge processing stops.

III. Analysis of Discharge Problem



The failure of discharge function occurs after toenmunication circuit system worked
continuously for a long time. At this time, the tesnature of the communication circuit
system increases due to the heating of the disehra@gistance during the discharge process.
Consequently, under the condition that the disahargntrol circuit works normally, and
discharge control module outputs the discharge &ogmal, heating model U2, optocoupler
U5, operational amplifier U6 with heat gun and nuesrgy the temperature [5]. When the
temperature of the communication circuit system wiaes to 61.%, and from the
oscilloscope, the output curve was different fromattnormal atmospheric temperature.
Consequently, the relief control module U2 and apenal amplifier U6 are no relationship
with the problem of discharge function.

Heating the optocoupler U5, and measuring the teatype of the optocoupler. It can
seen that the discharge indicator light goes oatwglly with heating the optocoupler to
61.5C, and stop heating, the indicator came on agaimleUthese circumstances, observed
the output signal of the optocoupler with an oesitlope. The waveform is shown in the
Fig.2.
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Fig. 2 Output curve of optocoupler Fig. 3 Output curve of operational amplifier

During the whole heating process of the optocouypher input signal is always at a high
level voltage with 3.6V, and the output signal eases gradually from low level 0.4V to
high level 2V with the increase of temperature.pSteating with optocoupler, and with the
decrease of temperature, the output of optocowgpitually changes from high level 2V to
low level 0.4V with the increase of temperatureisTimoment, the optocoupler U5 outputs
the signal to the next operational amplifier ,UGnd the U6 input and output voltage
waveform with Fig.3. With the increasing temperajuthe input voltage of operational
amplifier U6 also changes. And the input voltag&J6ffrom low level 0.4V changes to high
level 2V. The output voltage of operation changemfhigh level with 18V to low level with
0V after a high frequency oscillation transitiorripd, then the temperature decreases, the
output voltage of operation changes from low lewgh OV to high level with 18V after a



high frequency oscillation transition period, ahd butput signal of the operational amplifier
is output to the grid of the power transistor. Ganeently, the reason of abnormal operation
of optocoupler under high temperature is the failofrIGBT and discharge resistance.

More analytic discussion of the test and produdad# optocoupler.(The model of
optocoupler is 6N137). Replace the failed optoceuplith a new one [6]. With the discharge
circuit working, heating the optocoupler to’6Q we find that the discharge circuit working
well. But with the increasing temperature, therstit be anomalies. Therefore, it can draw a
conclusion that optocoupler is unreliable at higmperature. According to the product
manual of 6N137, the conduction current of the tfremd diode of the optocoupler increases
with the increase of temperature.
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Fig.4 Minimum on current of front end diode Fig. 5 Output waveform of operational amplifier

For the discharge control circuit, the resistorR#5 and R30 is used to control the
conduction current of the front-end diode of théoopupler U5. According to resistance R15,
R30, voltage of the front-end of the optocouplecan be calculated that conduction current
value of the optocoupler U5 is 2mA. According te thinimum on current of front end diode
of Fig.4.Below 60 degrees, when the conductioneturis 2mA, the optocouple in the circuit
can be turned on. But when the temperature is hitife 60C, the minimum conduction
current of the optocoupler is more than 2mA. It esmkhe diode can not conduct reliably. At
high temperature, when the optocoupler is unradialii can output a high frequency
oscillation signal, as the curve2 of Fig.3. Thevithg voltage of IGBT from high voltage level
to low voltage level and from low voltage level iigh voltage level, and the enlarged
waveform is shown in Fig.5.

When the output signal frequency of the operati@araplifier exceeds the maximum
operating frequency of the power transist@nd it can damaged the G and E of IGBT[7][8].

This damage can leads to a short circuit problenbum out discharge resistance. By



measuring the gate resistance of the damaged poavesistor IGBT, the resistance value is
less than @ (The normal resistance is greater than@)Monsequently, the failure of the

discharge resistor and IGBT is caused by the wabieliconduction of the optocoupler U6 at
high temperature. And the unreliable conductiothefoptocoupler U5 at high temperature is
caused by the insufficient conduction current nrar@ven if the current margin can ensure
the normal operation of the normal operation ofribemal temperature discharge circuit, but
it is easy to cause unreliable conduction of optipéer due to insufficient conduction current
at a high temperature.

The type of IGBT in the main discharge circuit ISIT00DY-12H, its specified current is
100A, withstand voltage is 600V. Since the discbargint of the discharge circuit is 70V, and
stagnation point is 62V. By calculation, the diggeacurrent of the main discharge circuit is
35A. It can be seen from the value that withstand&T which meets the specification well.

Therefore, the main reason for the failure of tiseltarge function of the power supply
box is that the resistance of the front end ofadptcoupler is too large, and make the current
margin of optocoupler is insufficient, this makée ttemperature of the system increases.
Form the product manual of 6N137, components camuotduct reliably under high
temperature, then damaged the gate and source aftdlye power transistor IGBT, and it’s

also causes the discharge resistance to burning-out
IV.Experimental Verification of Discharge Circuit Optimization

a. Conduction reliability Test of Optocoupler

According to the above analysis on the failure edief function, it can be seen that, if
reduced the current limiting resistance of the tfremd of the optocoupler from IKto QQ,
and the conduction current can be increased frolA @mdmA.At this time, the conduction
current reaches the maximum threshold current. Tishod can solve the problem of
unreliable conduction in high temperature.

Next, the verification test of the optimized disgecircuit is carried out. As shown in
the Figure 6. The four test wires are respectiveded to the corresponding positions in the
circuit, and extend the four test lines out of test chamber. First, verify the box discharge
function under normal temperature. Observe the feaveof oscilloscope. It can be seen that,
the output waveform of oscilloscope is perfectlgxly raise the chamber temperature t&60
and then observe the waveform of oscilloscope. Wageform of oscilloscope discharge

function is shown in the Fig.7.



Discharge Control Circuit
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Fig.6 Welded position diagram of test wires Fig.7 Output curve of optocoupler

It can be seen from the above test results thahwhetest chamber temperature i§60
the output curve of U2 is consistent with the otitpurve of U5. Therefore, this test meets
the discharge function requirements of communicatiocuit system. The optimized circuit

meets the system performance requirements.
b. Continuous Working Test of Discharge Control Circuit

Connect the components of the system. Power upsyetem, and after the system
working continuously for one more an hour, and oleseéhe phenomenon of the discharge
indicator light at the power supply box. If theHtgcontinues to flash, it indicates that the
discharge function of power supply box is normdile Test results are shown in List.1.

List.1 Continuous working test of discharge control citcui

No- ***023 %024 ***025 ***026 ***027 **%028
ltems
Cable core voltage 1 56.35V 55.67V 55.83\ 56.26Y .38% 55.72V
Cable core voltage 2 55.91V 55.58V 56.35\ 56.42Y .58¢ 56.15V
Over voltage protection Normal Normal Norma Normal Normal Normal
Discharge function indicator Normal Normal Normal Normal Normal Normal

It can be seen from the above test data that tlimigped discharge control circuit fully

meets the performance index of communication dirsystem. Furthermore, the discharge

function of the communication circuit system contglg normal.

V. Conclusion

This paper analyzed the problem of discharge cbnoirouit at a high temperature, and
concluded that the unreliable optocoupler leadsheo failure of the discharge function.
Proposed an optimal design of discharge circuitl eerified the optimized circuit. The

results show that the threshold current of the @pipler can be increased by reducing the



discharge resistance. This optimization methodomdy meets the functional requirements
of the communication system, but also improvegdhability of the system.
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