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Safe Brake resistors

Technical background with practical
application

Introduction

In your daily routine you often encounter constructs that simplify your life. Whether it is a chair lift
when skiing that enables you to get to the mountain top in comfort, an elevator which allows you to
travel up and down stories within seconds, or a crane that makes it possible to transport heavy struc-
tures at construction sites. These examples have an electric motor in common which is a necessary
component for dynamic plants.

When looking closer at these examples it is conspicuous that all of them are bound to intermittent
velocity. Brake and acceleration processes are identifiers for the usage of this technology. Especially
the brake process will be playing a rudimentary role in this document. This is the background of why
the utilization of a brake resistor is required.

The goal is to be able to fully comprehend and understand brake resistors and why they are neces-
sary.

The role of the frequency inverter

This topic will be illustrated by means of an example. For this purpose, the previously mentioned ele-
vator will be used due to its simplicity. Nevertheless, the concept can be transferred to any dynamic
plant with an electric motor.

It is essential to mention that every electric motor must be connected to power in order to be func-
tioning. Therefore, the elevator is also to be connected to the power grid. There is a uniform grid fre-
quency in the German power grid of 50Hz. When connecting the elevator to the AC mains, the mo-
tor would accordingly rotate 50 times per second.

Nevertheless, the direct connection to the power grid is not always suitable for the usage of dynamic
plants due to the fixed rotational frequency. It can lead to performance limitations. The application
of the elevator also shows that in practice applications require variable AC voltages or a controllable
speed, because the elevator does not move at a constant speed due to braking and acceleration
processes.
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Frequency converters are used to realize this. As the name implies, these are power converters that
generate a variable AC voltage from the constant AC voltage supplied and thus make the speed of a
motor controllable. This enables an adaptation of the frequency and voltage to the demand. Due to
this the speed of the elevator is controllable, which prohibits an abrupt stop.
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The graphic below illustrates the acceleration process. In simplified terms, electrical energy is con-
verted into kinetic energy to set the motor in motion. In relation to our example earlier, the elevator
travels upwards.
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In contrast, the following graphic shows the braking process. Related to the elevator, this moves
downward.
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In relation to this document, the braking process is decisive, because as can already be seen from
the graphic, the use of a braking resistor is required. Basically, it should be mentioned that during
the braking process, the motor acts as a generator. Accordingly, kinetic energy is converted into
electrical energy. This causes current to flow in the intermediate circuit, which increases the voltage
in the intermediate circuit.

Basically, too high voltages are problematic because they will disturb the sensitive electrical compo-
nents. Accordingly, it is elementary to control the voltage to prevent it from rising above a certain
threshold. At this point, the brake resistor is needed. In short, it is the reason why excess energy can
be adequately dissipated and thus the voltage cannot reach dangerous heights.

Relationship between Brake Chopper and Brake Resistor

As mentioned before, the monitoring of the intermediate circuit voltage is elementary to prevent
overvoltage and thus ensure the safety of the devices. This can be realized by brake chopper. These
are programmed accordingly so that the brake choppers are switched on or off when a previously
defined threshold is exceeded or undershot. The braking resistor is connected to this brake chopper,
via which the excess energy in the intermediate circuit is converted into thermal energy. It should
therefore be noted that the chopper ensures safety and this is implemented via the braking re-
sistance.

At this point it should be added that this procedure is repeated as often as necessary. The braking
resistor is therefore characterized as the limiting element. It is given a heavy load of energy to dissi-
pate.

Brake Resistor — Closer Look

We now know that the brake resistor is used to adequately process brake energy. The speed of the
motor may be reduced, resulting in braking. Braking resistors are therefore an essential component
when it comes to the use of electrically driven machines. By effectively regulating the flow of energy,
all components can be protected from destruction.

As a limiting element, however, it is crucial that the resistor can also dissipate the energy that is ap-
plied to it. The calculation regarding the correct design of the products is therefore of great im-
portance and is absolutely necessary. The aim of this design is to ensure a high load capacity and a
long service life.

In order to be able to absorb short but strong energy pulses corresponding to their resistance, the
strength of the maximum energy pulses to be processed at given duty cycles is characterized as the
decisive variable. In addition, the cycle time with its proportions of braking time and resting time is
another important dimension in the design. As a result of the design process, a braking resistor with
the correct ohm value and the appropriate nominal power crystallizes. If you have any questions,
please do not hesitate to contact Michael Koch GmbH, located in Ubstadt-Weiher in the southwest
of Baden-Wirttemberg. We will gladly take over the design of the required braking resistors through
our professional sales team.
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Furthermore, braking resistors face a wide range of applications due to wide spans of power and di-
electric strength. Individual modules are designed in such a way that cascading can be carried out in
order to realize higher outputs. In addition, machine-specific individual solutions can be formed on
the basis of a modular system.

Various technologies have become established in accordance with the diversity of applications.

Wire-based resistors characterize themselves as the stand-
ard technology for small to medium power. The standard
procedure is to wind the resistance wire (round or flat
wire) around a ceramic carrier, usually a tube, and fix it in
place using cement or glaze. In the case of impulse loads,
the heat can therefore be dissipated quickly. However, very
high surface temperatures occur for a short time. If the re-
sistors are incorrectly designed or the brake chopper fails,
the surface temperature can rise so high that there is a risk
of fire. To avoid this, the use of wire resistors from Michael Koch GmbH is recommended. These have
the property of self-protection due to an integrated predetermined breaking point.

The PTC ceramic resistor technology is particularly suit-
able for low power requirements. Due to their dynamic
resistance value curve over the temperature, highest
passive safety can be guaranteed in case of overload. If
the temperature rises above about 140 degrees Celsius,
the ohm value increases exponentially so that the power
consumption approaches zero. Consequently, no further
power consumption implies no further temperature in-
crease. This systematically eliminates the risk of over-
load. This resistor therefore protects itself due to its high
impedance. Misinterpretations and brake chopper failures can be intercepted in this way.

Practical Application

In order to illustrate this topic with a practical example, a corresponding experiment was set up and
implemented in a very simple way. A brake resistor was installed in the intermediate circuit of a fre-
quency converter, which was connected upstream of an electric motor, with the correct design with
regard to the required conditions. In addition, an oscilloscope was connected to visually demon-
strate the previously described subject matter.

This is an electronic measuring device that visualizes the time progression of electrical voltages and
currents on a screen. The graph is displayed in a two-dimensional coordinate system. In our exam-
ple, the x-axis shows the time, measured in seconds, and the y-axis shows the current, measured in
amperes.
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In the upper oscillogram you can see a recorded measurement. Two curves are displayed. The upper
yellow curve shows the voltage in the intermediate circuit in volts, the lower pink curve shows the
current in the braking resistor in amperes. Both of these curves are subject to interference due to
real conditions. However, this is irrelevant for further consideration of this topic.

40A T
i ! q“ TELEDYNE LECROY
® ‘m - -
: |
-20 / I |
40A c2 c2
-476s -376s 276s -176s -760 ms 4 240ms 1245 224s 3245 4245 5245
2384 A
9.04 A Fom e R TP : o A Ny,
R
1.64 5 T L ”UL e T A R NS A
5764 |
-1.534s -1435s -1.336s -1237s -1.138s -1.039s -940ms -841ms -742ms -643ms 544 ms”
Measure P1:max(SpecAn) P2:freq(M1) P3:mean(Z2) P4:mean(Z1) P5:rms(Z4) P6:rms(Z2) P7:--- P8 - -
value
status
U] Z1  zoom(C1 Ty Tizes
200 V/div 10.0 A/div 74 Vidiv 12 Bits Roll

99 ms/div 10 MS

X1= 1958343s AX= 533.334ms
X2= 2.491677s 1/AX= 1.874998 Hz

This oscillogram shows the intermediate circuit voltage. Here you can clearly see that when the volt-
age rises above a certain point, current flows into the resistor. If the voltage drops, the current flow
stops.
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The following oscillogram can be used to address the resistance issue in detail and to explain it ade-
quately:
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As already explained, too high voltages in the intermediate circuit are dangerous and must therefore
be regulated. If the voltage exceeds a previously defined value, we now also know that the brake
chopper is switched on, whereby the excess electrical energy is converted into thermal energy via
the brake resistor. Accordingly, the voltage decreases to a defined point at which the brake chopper
is switched off again and the brake resistor does not have to process any more energy. You can see
exactly this scenario in the oscillogram above. If the voltage is at its highest point, in the example ap-
proximately 740 volts, the brake chopper is switched on and the resistor is activated. From this point
on, the yellow line shows that the voltage decreases up to a certain point. If the voltage falls below
approximately 715 volts in our example, the brake chopper is switched off and the resistor is deac-
tivated. From this point on, however, the voltage increases again. This scenario repeats itself as often
as required until the electric motor has completed its braking phase. This example is now also opti-
mal to show why the duty cycle and rest time of the resistor is of decisive importance. The longer the
duty cycle and the shorter the resting period, the more energy the resistor has to absorb and is
therefore more heavily loaded.

It should be noted that the braking resistor makes a significant contribution to the smooth operation
of dynamic machines. It ensures maximum safety and is therefore indispensable.
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