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This case study shows how, in time, detection of slip ring defects 
could result in fast and non-expensive repairs.
By MIKE HASTINGS

Doubly fed induction generators (DFIGs) are still the 
most popular generator configuration seen in the 
wind-energy sector. They offer higher efficiency in 
variable wind conditions, but an extra component is 

needed to accomplish this task: the slip ring assembly. This 
is one extra machine part that has its own maintenance 
issues, and, therefore, it has to be monitored like the rest 
of the generator, like the rest of the drive train, and other 
wind-turbine components.

This case study shows how early detection of slip ring 
defects can result in a fast, inexpensive repair. If, on the 
other hand, a slip ring fault is not corrected at an early stage 
of development, this could lead to a catastrophic failure of 
the generator.

DFIG GENERATOR SLIP RING ASSEMBLY 
The DFIG offers higher performance than previous gener-
ations of generators:
] 	Higher efficiency: It is synchronized to grid with vari-

able wind-turbine speed.
] 	Better power factor control: Imports and exports reac-

tive power.
] 	Reduced converter cost: Only 25-30 percent of power 

passes through the convertor. 
This extra performance is made possible by connecting 

the rotor windings to the grid via a multi-phase slip ring 
unit and a voltage converter. The slip ring unit consists of a 
set of spring-loaded brushes that ride on slip rings mounted 
on the rotor, for each phase, as shown in Figure 1. If the con-
nection between the slip ring unit and the rotor circuit is de-
fect, this will result in high levels of vibration at both ends 

of the generator, and could even result in a stator/rotor rub.

CONDITION MONITORING STRATEGY
Condition monitoring of wind-turbine generators is per-
formed based on vibration data collected from acceler-
ometers mounted in the load zone of drive end (DE) and 
non-drive end (NDE) bearings of the generator. A number 
of generator faults can be detected by these accelerometers, 
including faults with the slip ring assembly.

OBSERVATION AND DIAGNOSTICS
A multi-MW wind turbine in a wind park was operating at 
full production when the condition monitoring system was 
temporarily disconnected for approximately two months 
due to customer related maintenance issues. When the 
monitoring system went back online, the customer imme-
diately notified the Brüel & Kjær Vibro Surveillance and 
Diagnostics Service Centre and requested the initial data 
to be analyzed.

A detailed time waveform and frequency spectrum were 
looked at shortly after start-up, as shown in Figures 2-3. 

The increased vibration levels related to generator rotor 
dynamics indicated a potential problem with generator slip 
ring unit. An alarm report was issued immediately followed 
by a phone conversation with the site manager, explaining 
the problem. Below are some extractions from the recom-
mendation section of the report on the assessment of main-
tenance needs:
] 	Generator inspection is recommended within 1-2 

weeks.
] 	It is recommended to perform an up-tower generator 

Figure 1: Location of the DFIG generator slip ring assembly and the vibration sensors on the generator bearing housing for monitoring the slip 
rings.
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test run with particular focus on the slip ring unit. Check 
the height of the slip ring brushes to be within the accept-
able limits, inspect the condition of the cooling groves, in-
sulation ring, and the current clamps.
] 	Provide feedback after the maintenance work has 

been carried out.

RESULTS/FEEDBACK
The customer did a site inspection one day after the report 
was issued. 

After confirming that the slip ring unit and brushes were 
damaged, these were quickly replaced, and the wind tur-
bine was put back into operation. As seen in Figure 5, the 
vibration on the generator bearings were lower.

BENEFITS/COST SAVINGS ESTIMATION
There are clear benefits in detecting a slip ring fault early. 
The actual cost and downtime in replacing the slip ring 
unit is relatively small in relation to the maintenance and 
downtime associated with a catastrophic failure of the 
generator.

] 	Slip ring unit replacement: Approximately 4,000 euros 
plus a few hours downtime (500-1,000 euros). 
] 	Generator replacement: Approximately 100,000 eu-

ros(includes crane) plus downtime (four weeks at 2,000 euros 
per day), with a total of 156,000 euros.

By avoiding a catastrophic failure of the generator, this 
gives a savings of 151,000 euros, which does not include 
labor.

Figure 2: The time waveform showing amplitude modulation of a little less than 2.5 Hz.

Figure 3: Increased vibration amplitude for several harmonics as measured by the accelerometer located on the non-driven end generator 
bearing.

Figure 4: Slip ring shown with worn out cooling groves (left), and worn 
out brushes (right).
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CONCLUSION
The early fault detection and accurate diagnosis of a rotor 
circuit malfunction is of crucial importance in regard to 
applying the proper corrective measures and keeping the 
generator healthy. This case study shows how, in time, de-
tection of slip ring defects could result in fast and non-ex-
pensive repairs. In this way, the total loss of the generator, 
which often leads to substantial costs, could be avoided.   
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Figure 5: Vibration amplitudes returned to normal (6x harmonic shown), as measured by the accelerometer located on the non-driven end 
generator bearing.
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