








Ultra Low Profile Dynamic Braking/Power Resistors

Overload Conditions:
Ratings based on componet mounted to heatsink with 5 m/s airflow
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Ordering Procedure

Specify type reference etc, as shown in this example of a WDBR2 100 ohms 10% with flying leads.

WDBR 2 - _100R K L Example:
Type
! WDBR2 - 100RKL
Power Rating |
1/2 0.5kW
1 1.5kW
2 2kW
3 3.5kW
5 5kW
7 7KW
Resistor value
Tolerance K= 10%
Termination style

| Solder only L Flyingleads T Push-on connectors

Additional notes

Please contact IRC at afdsales@irctt.com if you would like to discuss nonstsandard resistor values or tolerances for the WDBR range
or custom designs. Further contact details are shown at the base of the document.

Protective covers (as shown above) are available for the WDBR2 range, purchased in addition to the resistor. Protective covers for
other product can be made available upon request.

A variety of lead types and connectors are also available upon request.



Ultra Low Profile Dynamic Braking/Power Resistors

Additional notes continued

IRC thick film steel offers excellent thermal transfer that allows high power densities for surge handling as well as continuous operation. With
proper heat sinking, this power range can be greatly increased. Various air and water cooled aluminum heat sinks are readily available. The thermal
conductivity is also improved when thermal greases or pads are used to interface the heat sink and resistor. The heat sink is typically mounted to

the resistor with screws as the fastener; however, rivets, staking, or clamp assembilies are viable alternatives. Lead wires and terminals are constructed
to the requirements of the application.

Some products use no clean solder. When the product is powered for the first time, the flux will be heated and burned off.

Thermal shock and vibration testing has shown IRC thick film steel technology to be superior to other resistor technologies available on the
market. Thermal shock test results of 20,000 cycles of a dry boil and quench test show no performance degradation. The accelerated testing consists
of heating the resistor up to 140°C and then quenching the resistor in water at 26°C repeatedly. The stainless steel substrate is resilient to vibration
testing where typical ceramic substrates are brittle and fail.

Braking resistors

When specifying the braking resistor, the power requirements should be identified as the instantaneous power or surge, the average power and
braking cycle, and the continuous power required for the application. The environmental temperature and the maximum resistor operating temperature
should also be designated if your application has constraints. Because the inertial loads will vary for each drive application, resistor sizes will vary for
the same motor coupled to the different systems. In order to limit the number of resistance values required, the designer should consider a few
values that can be linked in series for a higher total resistance, or in parallel to lower the total resistance. This allows for less resistance values to be
inventoried and greater flexibility to properly size the brake for each application.

Conclusion

IRC thick film steel technology offers significant advantages over competing technologies, with exceptional thermal transfer characteristics,
power density, and size qualities, this product is an overall improvement to existing resistor configurations. The robust nature of stainless steel offers
improved reliability over other substrate systems such as alumina or FR4 for shock, vibration, and heat dissipation. IRC thick film steel is a
cost effective solution for power applications with superior performance characteristics.

Sizing the braking resistor

In order to determine the relationship of the instantaneous powver, Pi, generated during
the braking cycle, the formula derived from Ohms Law is used to compare the elevated Va2
DC link voltage, Ve, and the braking resistance, Rb, Pi= R = Tp

This is important when defining the surge characteristics required for the resistor rating.

A factor in determining the minimum resistance value, Rbmin, is the current limit of the
switching mechanism, Is. By design, the resistor should be sized so that the generated Romin = Ve / |s
current of the motor does not exceed the rating of the electronic switch.

For synchronous speed, Ws = 2? f/Np [rad/sec], where f is the power frequency and Np - - O o .
is the number of induction pole pairs. Using the actual rotor speed, Wr [rad/sec], the §=——=" whichis typically <0.05
motor slip, S, is calculated by: OF
The rated power of the drive, Pr, is used to calculate the rated torque, r. PIW] = T{Nm] * @ [rad/sec] or T.= Fr
Other data can be obtained from the following equations in understanding the requirements Te=T * To [NM]
of your application.
Taking into account the torque overload factor, To, usually between 150% and 200%, Te=Ji * 0O where 00 = C?S
the effective torque, Te , for braking calculations is thus, to[sec] = ji * s °
Te
by assuming that the angular deceleration, a, is constant from the synchronous speed, Kinetic Energy, KE, = 0.5 * JI * (s?

Ws, to zero, the braking time, tb [sec], can be calculated using the effective torque, Te. Average Power of the braking cycle, Pav = K_
The inertial load, JI [kgm2], of the drive system determines the brake time: ' to

To calculate the continuous power rating, Pc, the duty cycle of the braking interval is Pc = Pav * de
considered. Where the duty cycle is calculated by the braking and cycle time dc = tb / tcy.



And with the thermal resistance of the heat sink, Rth, the temperature rise of the resistor

can be estimated by:

AT = Pc * Rin

EXAMPLE

Calculate the braking resistor needed for a 3 KW drive system. This drive
consists of a 4 pole induction motor, a 10A rated switching mechanism, the
rotational speed is 1750 rpm at 60 Hz, the coupled inertial load is 1 kgm2,
and the elevated DC link voltage, Ve, is 780 V.

Assuming a 175% overload factor, or To= 1.75, and calculating the number

of pole pairs, 4/2, or 2, the synchronous and rotational speed are:

The rated torque and maximum available torque are then calculated as

Assuming constant angular deceleration, the braking time is
then calculated by:

If the desired nominal braking time is 5 seconds, then:

And the instantaneous resistor power, Pi, is determined to be:

With the upper rail voltage of 780 V, the resistor is
calculated to be

From the Kinetic Energy equation:

To determine the continuous rating for the resistor, apply the duty cycle. For this example,
assume one braking cycle per minute, or 5 seconds per 60 second interval:

To verify that the generated current is within the current limit of the switching
device, which is 10A, the lowest resistance value is considered. The 880 resistor
has a 10% tolerance and therefore the lowest possible resistance is 79.20 The
peak generated current during the braking cycle is then:

s = 27T f/Np[rad/sec] - 270(60)/2
= 188.4 rad/sec

= 2TT (1750/60)
= 183.2 rad/sec

T = P 3000 W/183.2 rad/sec = 16.4 Nm

r

Te=Tr * T[Nm] = 163.8 Nm * 1.75 = 28.7 Nm

Ji* s

o [sec] =

= (1 kgm * 188.4 rad/sec) / 28.7 Nm
= 6.56 seconds

Te = (1 kgm2 * 188.4 rad/sec) / 5 sec
=37.7 Nm

Pi=1.75* 3000W *
(37.7 Nm/28.7 Nm) = 6.9KW

Ro = (780 V)2 /6.9 KW = 88.2Q2

b _ KE _ 05*)i* @2

b to
= (0.5 * 1 kgm2 * (188.4 rad/sec)?) / 5 sec
= 3549 W

Pe = Pav * (t/tc) = 3549W * (5 sec/ 60 sec) = 296 W

s = Ve /Romin =780V /79.2Q0 =9.85 A

This is less than the switch rating of 10A and the assumption that the switch is on continuously is worst case. However, further
safety for the switch may lead the designer to change the device to a higher rating such as 15A. By upgrading the switch to a
higher rating, the system can be modified for faster braking if the application requirements change.

In summary, the resistor needs to meet the following parameters in order to handle the dissipated energy for a 5 second braking

cycle:
e |nstantaneous Power = 6900 W e Continuous Power = 296 W
* Average Power = 3549 W * Resistance value =88.2 0
IRC
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General Note IRC reserves the right to make changes in product specification without notice or liability.
Allinformation is subject to IRC’s own data and is considered accurate at time of printing.
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