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Background
A new steam turbine that was driving a wet gas compres-

sor at a coke plant in São José dos Campos, Brazil, was 
being commissioned. As the unit got close to 3000 rpm, the 
speed instruments suddenly doubled their value (without a 
real speed increment) on the electronic governor — the elec-
tronic overspeed and the protection device.

The speed pickup system included noncontacting mag-
netic speed pickups. The target for the speed pickup was a 
gear. At the FAT, this problem did not occur. The target gear 
has 30 teeth, but the tooth shape was not the shape recom-
mended by most of the governor vendors.

Two important differences to note are that the intercon-
necting cables between the speed pickup and the governor 
were significantly shorter on site than at the FAT. Also, a dif-
ferent make governor was used for the FAT than the one 
supplied with the turbine.
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Case Study: electric resonance and double 
speed indication during steam turbine startup

Imagine commissioning a new turbine, running it up to 
speed for the first time, and as you approach speed, 
the speed abruptly jumps to double the current oper-

ating speed. Of course you know that a large steam tur-
bine cannot increase its speed that rapidly, but you now 
question what the real speed is and how this abrupt speed 
change happened.

Double speed is not a widely known problem and is even 
less understood in the turbomachinery industry. This phe-
nomenon is only found on machinery that uses magnetic 
pickups as the speed sensors. It is a rare issue, but when 
it does happen it is a high-stress situation for the commis-
sioning and project personnel who have to deal with it.

Sometimes, as the following case shows, the unit passes 
the factory acceptance test (FAT) without any trouble, mak-
ing the situation even more confusing and difficult to solve 
in the field.

n Figure 1. One of three speed indicators showing the double speed phenomenon (Middle).

continued on page 60
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Double speed incident
The sensor specifications are: a) inductance 30 mH (ref-

erence only); b) dc resistance 240 Ohms (MAX); c) pole 
diameter 0.187 in. During testing, the cable capacitance 
was not measured, but was calculated from the resonance 
frequency as:

C = 1/ { L x (2 p fo)2 }           
C = 93.8 nF

Ro = 2 x SQRT (L/C) 

Ro = 2 x SQRT (30 x 10-3  Hy / 93.8 x 10-9 F)

Ro = 1131 Ohms

x = R / Ro

x = 240/1131 = 0.21

Troubleshooting
The original speed pickups were changed to small pole-

tip sensors with the following sensor specifications: a) 
inductance 210 mH (reference only), seven times higher 
than original; b) dc resistance 750 Ohms (MAX), three 
time higher than original; c) pole diameter 0.093 in., half 

The basic signal shape when “disconnected” from the 
governor did not change with the speed; only the amplitude 
did. The conclusion was that the shape of the signal with 
the sensor disconnected from the governor depends on the 
gear tooth shape and speed pickup relative dimension only. 
Thus, the signal distortion (double peak) was related with 
the associated electrical circuit. An electronic resonance 
was the root cause.

To confirm the relationship of this problem with an elec-
tronic resonance, a signal generator was connected in 
series with the sensor as shown in Figure 4. A 20% rect-
angular signal was used due to the second and third high 
harmonic components and to match the flat of the sensor 
signal disconnected.

Using a pulse generator (VAD) set to generate a rectan-
gular wave signal 20% duty and 20 Vpp, the signal mea-
sured after the speed pickup (VBD) has 33 Vpp. Why can 
a passive circuit amplify a signal? The answer is only in 
electric resonance.

Figure 5, left image, is the signal of the speed pickup 
alone, disconnected from the interconnecting wires. In 
the right image, the signal is the composition of -1.0 sin 
(wt) to 0.5 sin (2wt + 10°). Why is the 10°, lower peak of 
the signal so much smaller than the upper side?  Both 
signals are similar, indicating that the speed pickup sig-
nal has a high second harmonic component.

 3000 RPM @ 3000 RPM
SENSOR ALONE
(disconnected)

 3000 RPM
SENSOR ALONE
(disconnected)
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