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Note The Application Examples are not binding and do not claim to be
complete regarding the circuits shown, equipping and any eventuality.
The Application Examples do not represent customer-specific solutions.
They are only intended to pro-vide support for typical applications. You
are responsible in ensuring that the de-scribed products are correctly
used. These Application Examples do not relieve you of the responsibility
in safely and professionally using, installing, operating and servicing
equipment. When using these Application Examples, you recognize that
Siemens cannot be made liable for any damage/claims beyond the
liability clause described. We reserve the right to make changes to these
Application Examples at any time without prior notice. If there are any
deviations between the recommendations provided in these Application
Examples and other Siemens publications - e.g. Catalogs - then the
contents of the other documents have priority.
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We do not accept any liability for the information contained in this
document.

Any claims against us - based on whatever legal reason - resulting from the
use of the examples, information, programs, engineering and performance
data etc., described in this Application Examples shall be excluded. Such
an exclusion shall not apply in the case of mandatory liability, e.g. under
the German Product Liability Act (“Produkthaftungsgesetz”), in case of
intent, gross negligence, or injury of life, body or health, guarantee for the
quality of a product, fraudulent concealment of a deficiency or breach of a
condition which goes to the root of the contract (“wesentliche
Vertragspflichten”). However, claims arising from a breach of a condition
which goes to the root of the contract shall be limited to the foreseeable
damage which is intrinsic to the contract, unless caused by intent or gross
negligence or based on mandatory liability for injury of life, body or health
The above provisions does not imply a change in the burden of proof to
your detriment.
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Preposition

Aim of the application

This application describes the possibility of using a MASTERDRIVE brake
unit on a MICROMASTER 440 for safety-relevant regenerative operation
(braking) of the motor.

Scope

This application shows how to determine the required brake unit, calculate
the load duty cycle and explains how to mount and engineer the brake unit

Exclusion

This application does not include any description on how to engineer and
commission the drive inverter.

It is assumed that the reader has the appropriate level of know-how about
these subjects.

Reference to the Automation and Drives Service & Support

This article is from the Internet Application Portal of the Automation and
Drives Service & Support. You can go directly to the download page of this
document using this link.

http://support.automation.siemens.com/WW/view/en/22093967
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Application description

Introduction

For several drive applications, the motor can go into the regenerative mode
(braking mode) for certain operating states.

Examples for these types of applications include:

e Cranes,

e Traversing drives,

e Conveyor belts, where the load on the belt moves the belt downwards,
e Dynamic traversing drives,

e Generally - drives with high moments of inertia, if the speed setpoint
must be quickly reduced or the load braked.

When the motor is in the regenerative mode, the braking energy of the
motor is fed back into the drive converter DC link via the inverter. This
means that the DC link voltage increases. If a braking chopper and braking
resistor are used, from a specific value of the DC link voltage, the braking
energy is pulsed into the braking resistor. This therefore limits the DC link
voltage.

For MM440, drive units, Sizes A to F have an integrated braking chopper.
For braking operation, only an external braking resistor has to be
connected to terminals B+/DC+ and B-.

Drive units, Sizes FX and GX do not have an integrated braking chopper.
Braking operation can only be implemented using an external braking
module and an external braking resistor. Components from the
MASTERDRIVES range are used to implement this function.

The engineering and dimensioning of braking modules and braking
resistors for MM440 in the power range from 90 to 200kW (CT) will be
discussed in the following. It is assumed that the braking module is only
connected to a single drive inverter and there is no DC link coupling
between several drive inverters.

Determining the braking module and braking resistor
required

MASTERDRIVES braking modules are available in the power range from 5
to 170kW; braking modules from 5 to 20kW include an internal braking
resistor. The load capability of the internal braking resistors of the
MASTERDRIVES braking modules in relationship to the power of the
MM440 in Sizes FX and GX is extremely low. This is the reason that only
braking resistors which can be externally connected are considered.
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It is possible to connect several parallel braking modules to an AC drive
inverter to increase the braking power. However, the power rating of the
braking modules connected in parallel may only be a maximum of one
power stage of the braking module.

If several braking modules are connected in parallel, every braking module
must have its own assigned braking resistor.

1.1 Defining the power data

The power data of MasterDrives braking modules and braking resistors are
specified for a load duty cycle of 90s.
The "P20" power is the possible braking power for a duration of 20s for a
load duty cycle of 90s.
The peak braking power "P3" can be fully utilized for 3s and then for 20s
but linearly decreasing.
The "PDB" power is the max. permissible continuous braking power.

"A

P, 1.5 —\ —\

P, 1

Pos 0.25

\u \ 1 [s]
3 20 23 9093 110

P DB continuous power

P,, = 4 Ppg= permissable power for 20 s every 90 s

P, =6 Ppg= permissable power for 3 s every 90 s
Figure 1-1 Load diagram of the braking module with external braking resistor
Furthermore, the powers are applicable for a response threshold of the
braking module of 774V DC (factory setting). The permissible braking
powers are reduced if the response threshold is reduced (refer to Section
4.7).
A differentiation is made between 2 different load situations
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1.2

Braking power for a periodic load duty cycle

For an actual load duty cycle duration = 90s, the following procedure can
be applied:

Determine the braking power which occurs within the load duty cycle
Pbrake = f(t).

Calculate the average value Pbrake, average of the braking power
within the load duty cycle.

Select a braking module, whose P20 power is at least 400% higher than
the average value of the braking power which has been determined.

(=> P20 = 4*Pbrake, average )

Check the peak braking power. In this case, the max. occurring braking
power Pbrake, max in the load duty cycle may not exceed 150% of the
P20 power of the selected braking module. If the peak braking power is
greater than 150% of the P20 power, then the larger braking unit must

be selected until this particular condition is fulfilled.

( => Pbrake, max = 1.5*P20)

For an actual load duty cycle duration = 90s, the following procedure can
be applied:

Determine the braking power which occurs Pbrake = f(t).

Select a time slice of 90s where the highest average value of the
braking power occurs.

Calculate the average value of the braking power Pbrake, average
within the selected 90s time slice.

Select a braking module, whose P20 power is at least 400% higher than
the average value of the braking power of the selected time slice.

(=> P20 = 4*Pbrake, average )

Check the peak braking power. In this case, the max. braking power
which occurs at any instant in time (also outside the selected 90s time
slice) may not be greater than 150% of the P20 power of the selected
braking module. If the peak braking power exceeds 150% of the P20
power then a larger braking module should be selected until this
condition is fulfilled.

(=> Pbrake, max = 1.5*P20)

The required braking module and the appropriately assigned braking
resistor can be selected according to Table in Section 2.
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1.3

1.31

1.3.2

1.3.3

Braking power for sporadic braking operations and when
stopping the drive

The approach in this case is the same as for an actual load cycle duration =
90s (refer above).

The braking power occurring when a drive is stopped can be approximately
calculated as follows:

Calculating the braking torque Mbrake (in Nm):

Jiot * Nbrake

Mbrake = ——— whereby:
e 9.55 * torake y

Jiot = the total load moment of inertia plus the motor
moment of inertia,
referred to the motor shaft in (kg*m?)

nbrake
in (RPM)

tbrake

motor speed at the start of braking

braking time until the motor comes to a standstill in (s)

Calculating the max. braking power Pbrake, max (in kW):

Morake * Nbrake
Porake, max = —————% Mmot whereby:

9550

motor efficiency in (percentage/100)

nmot

nbrake
in (RPM)

Mbrake

In this case the drive inverter efficiency has been neglected.

motor speed at the start of braking

braking torque in (Nm)

Calculating the average braking power Pbrake, average (in kW):

Pbrake, average = E* Pbrake, max

The power of the braking module can be determined using the average and
maximum braking powers as described above (for an actual load duty cycle
duration = 90s).

The required braking module and the assigned braking resistor can then be
selected according to the Table in Section 3..

Version - 4

Issue - November 2006 8/13



SIEMENS

Application description

Operating a MASTERDRIVES braking unit with a MICROMASTER

440 FX/GX

2

Selection and ordering data

ID-No: 22093967

The braking module and the assigned braking resistor can be determined
according to the braking power, determined in Section 2., in the following

Table.

The values apply for a 774V DC response threshold of the braking module
(factory setting of the braking module).
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Table 2-1 Selection and ordering data of the braking modules and braking resistors

Braking power Braking module Braking resistor Fuses

P20 |P3) |PDB Resist- | pimensions | Order No.
Order No. Order No. ance (2 fuses are

(kW) | (kW) | (kW) Q WxHxD required)

5 75 |1,25 |6SE7018-0ES87-2DA1 | 6SE7018-0ES87-2DC0 | 80 540x180x145 3NE4101

10 15 2,5 |6SE7021-6ES87-2DA1 | 6SE7021-6ES87-2DC0 | 40 540x360x145 3NE4101

20 30 5 6SE7023-2ES87-2DA1 | 6SE7023-2ES87-2DC0 | 20 485x485x305 3NE4102

50 75 12,5 | 6SE7028-0ES87-2DA1 | 6SE7028-0ES87-2DCO0 |8 740x480x305 3NE4121

100 (150 |25 6SE7031-6EB87-2DA1 | 6SE7031-6ES87-2DC0 | 4 605x740x485 3NE3225

170 |255 |42,5 |6SE7032-7TEB87-2DA1 | 6SE7032-7ES87-2DCO0 | 2,35 1325x740x485 3NE3230-0B
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3
3.1

Additional engineering information and instructions
Connecting and fusing the braking module

The connections between the MM440 drive inverter and the braking module
must be kept as short as possible and routed so that they are ground-fault
proof. The braking module is connected to terminals C/L+ and D/L of the
drive inverter (housing sizes FX and GX, refer to Section 2.4.2 of the
MM440 Operating Instructions) (refer to Fig. 4-1 below). For braking
modules with a P20 power of between 5 and 20kW, the internal resistor
must be de-activated by removing the jumper between H1 and H2. Braking
modules with ratings of between 50 and 200kW do not have an internal
braking resistor.

If only one braking module is connected to the drive inverter and if the
power of the drive inverter and braking module (P20 power) are
approximately equal, then the braking module does not require any fuses. If
the power difference is greater or if several braking modules are connected
in parallel, then each braking module must be protected using 2 fuses
(positive and negative branch) at the input.

C/L+ ClL+ G

1

H2/H

}>
o ] 1

X381
MICROMASTER 440 .

s
Frame Size FX and GX 2

i

(%]

MASTERDRIVES
External braking resistor

braking module

-

Integrated in the fault circuit to

-
apen (trip) the main contactor;
when the braking module is in

a no-current condition, the
circuit is open! max, 230V AC /1A
24V DC /1A

Figure 3-1 Connecting the braking module to drive inverters MM440, FX and GX
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3.2

3.3

3.4

3.5

Information regarding the DC link capacitors in the braking
module

MASTERDRIVES braking modules include DC link capacitors. If the
braking modules are commissioned after having been non-operational for
more than 1 year, then these must be formed. Also refer to the information
and instructions in the Operating Instructions (6SE7087-6CX87-2DA0).

MASTERDRIVES braking modules may not be connected to the DC link of
the drive inverter which is under voltage (live) using a contactor.

Maximum cable lengths

The maximum cable lengths between the drive inverter and braking module
may be 3m, and between the braking module and braking resistor, max.
15m.

Mounting the braking module and braking resistor

The braking module and braking resistor have degree of protection IP20.
The braking module (this is 350mm deep) can be mounted in the electrical
cabinet next to the drive inverter. The small braking resistors up to 10kW
are suitable for wall and top assembly mounting (e.g. on the top of the
cabinet); the larger braking modules are suitable for wall and floor
mounting.

Monitoring the braking module and the braking resistor

The braking modules include a fault signaling relay which closes after the
DC link has been charged. This relay opens when a fault occurs or an
overtemperature condition. The braking resistors have an overtemperature
contact which, in the normal state, is closed and is opened if there is an
overtemperature condition.

Both of these contacts can be connected in series and incorporated in the
fault circuit to open the main contactor at the drive inverter input. The
reason for this is that the drive inverter must be isolated/disconnected from
the line supply if the braking module develops a fault/overtemperature
condition or if the braking resistor overheats. It must be carefully observed
that before the main contactor is closed that the fault relay in the braking
module is still open. This must be taken into consideration in the evaluation
circuit so that the main contactor can close.
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3.6

3.7

3.8

3.9

3.9.1

Acknowledging and inhibiting the braking module

If the braking module develops a fault condition, then this can be reset by
entering a short acknowledgment pulse with a voltage of 24V DC at
connections X38:1 (+) and X38:2 (-).

The braking module can be inhibited using a continuous signal at both
terminals.

Response threshold of the braking module

When the DC link voltage increases when braking, the braking module is
activated at a voltage of 774V (factory pre-setting). To reduce the voltage
stressing on the motor insulation (e.g. when using third-party motors), the
activation point of the braking module can be reduced to a response
threshold of 673V (using switch S1 integrated in the braking module).

The response threshold can only be reduced to 673V for a line supply input
voltage at the drive inverter of max. 3-ph. 400V AC +10%.

Further, the braking powers P3, P20 and PDB which can be achieved are
reduced by 25% with respect to the values specified in Section 3.. This
must be taken into account when selecting the braking module

Parameter setting on the MM440

When the external braking module is used with the MM440, the DC link
voltage controller, which is used to limit the max. DC link voltage (VDC-
max. controller) must be de-activated. To do this, parameter P1240 must
be set from "1" to "0" at the MM440. If kinetic buffering is required, then
parameter P1240 can be set to "2".

Maximum permissible braking power

In order to limit the ripple of the drive inverter DC link voltage, the ratio
between the max. configured braking power P20, max of the braking
module and the rated power of the drive inverter Pinverter may not exceed
1.9. This is especially true when connecting braking modules in parallel.

(=> P20, max = 1.9*Pinverter)

Engineering information

Engineering a braking unit is explained in detail in the SINAMICS G150
Operating Instructions (Chapter 4.10.11). The power units (modules) of the
MM4 Px and G150 are identical. This is the reason that this description can
be used to design the braking unit.
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