Solving Motor Start-up P28 Non-compliance
An assessment of the available solutions to solve noncompliant voltage dips when starting large motors.

The

latest

revision

of

engineering

recommendation

P28

provides

comprehensive guidance on the assessment of motor start-up and how this
effects the voltage. Large industrial processes employing the use of motors
may cause voltage dips in excess of the allowed envelopes if the Point of
Common Coupling (PCC) fault level is not sufficient. This paper aims to explore
the available solutions that can be employed to solve these issues.
The Problem

The graph shown below in Figure 1 represents a typical 11kV voltage dip caused
by the direct starting of a 2.2MW motor. In the majority of cases the motor
process is required numerous times per day, so the voltage dip would be
assessed against the P28 frequent limit as shown below.

Figure 1 - Typical Motor Start Voltage Dip - 11kV

As can be seen from the above, the motor starting current takes the voltage
dip well outside the P28 frequent limit and would not be compliant. This was
based on an 11kV fault level of 71 MVA, which was the fault level from a previous
case example that had this issue.
The Solutions

Various solutions can be applied to this problem, this paper will consider a
range of them including: 11kV switched capacitor banks, multiple stage LV
capacitor banks with 11kV transformers, Variable Speed Drives (VSD’s), Static
Synchronous Compensators (STATCOM’s) and finally the effect of an increased
fault level.
11kV Switched Capacitor Banks

This solution involves a multistage 11kV capacitor bank with the stages
automatically switched in and out during the motor start up period to
compensate for the reactive current requirement. The stages would be sized to
mitigate the reactive current draw from the PCC and maintain the voltage dip
level to below 3%. In this example the capacitor bank has a total capacity of

8.5MVAr, with steps of 3, 1.5, 1.5, 1.5 and 1MVAr. The stages would also be PoW
controlled to mitigate switching transients.

Figure 2 - 11kV Multistage Capacitor Bank

As can be seen from the above Figure 2 the 11kV capacitor bank solution keeps
the voltage dip within the frequent envelope. However, when each stage is
switched in/out a new voltage event occurs, these would need to comply with
the P28 flicker limits. If these events do comply with flicker limits, then this is a
great solution in terms of cost.

Multiple Stage LV Capacitor Banks with 11kV Transformers

This solution is similar to the 11kV capacitor bank option, but the capacitor bank
stages are smaller and connected at LV (415V). The whole system is then
connected to the 11kV via a transformer. This example is an 8.7MVAr capacitor
bank with 29 x 300kVAr stages. The control relay monitors and maintains the PF
at the 11kV PCC.

Figure 3 - LV capacitor banks with 11kV transformer

As can be seen from the above Figure 3 the voltage dip is maintained within
the frequent envelope – this time with smaller and more numerous voltage
events due to smaller and more numerous stages. Once again, these events
would need to comply with the flicker limits, but this solution would also be very
cost effective.

Variable Speed Drive

This solution involves an inverter based Variable Speed Drive to carry out the
motor starting. A Variable Speed Drive can limit the start-up current to 1pu and
thus mitigate voltage dips.

Figure 4 - Variable Speed Drive

As can be seen from the above, a VSD is able to limit the starting current and
thus PCC voltage dip. However, the VSD system would include a transformer for
the inverter section and so the voltage dip caused by the energisation of this
transformer would have to be considered in terms of P28. This solution is also
more expensive than a capacitor-based solution.

Static Synchronous Compensator

This solution is similar to the capacitor bank-based options, in that the solution
aims to compensate for the reactive current requirements during start-up.
However, it would provide this reactive current through a power electronicsbased system. This allows it to respond to requirements with higher accuracy
and with a faster response, thus leading to a smoother voltage profile at the
PCC.

Figure 5 - STATCOM

As shown above in Figure 5 this solution is able to maintain the voltage dip to
within the P28 frequent envelope. As discussed, it also ensure for a smoot
voltage profile at the PCC. This solution offers excellent performance but is
more expensive than the capacitor based or VSD solutions.

Increased Fault Level

Finally, the effect of the fault level on the motor start voltage dip will be
explored. As mentioned previously, this report is based upon a past case
example that had a 11kV PCC fault level of 71MVA.

Figure 6 - Increased fault level

The above Figure 6 is based upon an 11kV fault level of 340MVA, as can be seen
the voltage dip is now within the frequent envelope. This option would not be
viable in most cases as would require an alternative connection to the network
which could be prohibitive in terms of cost.

Conclusion

There are a number of possible solutions when it comes to mitigating voltage
dips caused by the start-up of large motors. These different options all have
merits and drawbacks in terms of performance and cost. As always, a specific
power system study should be carried out to fully explore the available options.
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