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AN ELECTRONIC OVERSPEED TRIP

SUMMARY

In order to protect the VTOU, fan rig in the event of a fan
or torquemeter fallure, an overspeed trip was necessery, This memo-
randum describes an electronic overspeed trip designed to give the
required protection, and which may be applied to any installation
where an electriecel output may be produced by a sultable generstor
driven by the shaft transmitting the power,

INTRODUCTION

In the application of this device to the VTOL fan rig in the
Engine Laboratory (ref. Lab. Memo. NAE-ENG-57), previous attempts to
introduce a mechanicel trip had not been too successful but development
work was not pursued to its ultimate conclusion for reasons now given.
In view of the high rotational speed involved, up to 20,000 r.p.m., it
had been necessary to messure the speed also by electronic means., A
phonic wheel was fitted to the shaft and the output from a magnetlc
pick-up fed into an electronic decade counter. The voltage produced
at varlous speeds, though not linear, was thought to have sufficient
gradient near ths projected tr!p speed to represent a useful tripping
criterion. Simultaneously with this conclusion, difficulties were
encountered in developing the mechanical trip to have the desired
sensitivity and repeatability. The phonic wheel fitted to the rig wes
therefore applied to fill a dual role of tachometer and overspeed trip.
It should be mentioned that although no fundamental objsections ecould
be found in the method of operation of the mechanical trip, & number
of interacting variebles In its configuration suggested that a fair
amount of development running would be necessary., Further, since it
was possible to simulate artificially an electricel output equivalent
to that obtained on the rig, all the elactronic overspeed development
was done under “static conditions."

The overspeed trip discussed in this memorandum was built
for use with an optical torquemeter, full details of which will be
found in Laborstory Memorandum NAE-ENG-61 "An Optical Torquemeter
for a Very Large Range of Speeds" prepesred by V.H., Wickham.

METECD OF OPERATION

Referring to Figure 1, the overell sequence is shown in
block form. A phonic wheel and electro-magnetic pick-up provide
an alternating current whose frequency is directly proportional to,
and whose voltsge increases non-linearly with, rotational speed.
The phoniec wheel and electro-magnetic pick-up ere shown in Figure 3,

The output from the pick-up is fed into an electronic
decade counter for speed measurement, and also to the overspeed trip.

The feed to the trip is first rectified, and th recitifiad voltage
is then added to anpaccurately controlled but aéius%agie aatum g
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voltage provided by a voltage divider circuilt scross an eccurate source
of voltage. These two voltages when sdded together are then used to
provide the controlling voltage of a Schmitt trigger circuit. The
Schmitt circuit is then made to control the grid voltage of a following
power tube which in turn operates the control relay.

In order that the system fails safe, a further relay ls
included in the circuit so that in the event of an 2lectrical power
fallure the fall-safe relay is de-senergized and the high-pressure air
supply is mede to shut the rig down. This is shown in Figure 5,

DESCRIPTION AND OPERATION OF THE CIRCUIT

The operation of the circuit is now discussed in detail.
Referring to Figure 2, the output from the electro-magnetic pick-up
is fed to 8 rectifying bridge circuit by two ecoupling condensers of
1 mf cepacity. At & frequency corresponding to a trlp speed of, sav,
15,000 r.p.m., these capacltors have a reactance of about 640 ohms
each, The coupling condensers are included to prevent the flow of
the subsequent d.c. cormponent through the pick-up coil.

The bridze rectifiers are 1N34 germanium diodes, and the
rectified output has a padding consisting of an 0.6 mf condenser and
5 megohm resistor. This padding tends to remove noilse from the d.c.
output of the bridge and thereby restrict ths triggering strictly to
the pure d.c. which 1s proportional to the speed.

Tube Tl 1s a voltage control tube which meintains 92 volts
accurately across the trip speed set potentiometer. According to the
position of the potentiometer, a fixed datum voltage i1s then avail-
able for addition to the rectified voltage from the bridge circult.

When the voltage on the first grid of T2 is belnw about
63 volts, the first half of T2 is cut off, and there being no current
in the 56,000-ohms plate reslstor, the plate voltage approaches the
plate supply voltage of 200 volts. Since this plate voltage 1is
coupled to the grid of the second half of T2 via the potential
divider (750,000 and 560,000 ohms), the second grid voltage s at
1ts highesat value, This value is so arrenged by the divider to cause
the second half of T2 to be condueting. In consequence of this, a
voltage drop occurs across the 39,000-ohm plate resistance and the
plate voltage 1s then sufficiently low that when spplied to the grid
of the following tube T3, this latter is cut off. The 100,000 ohms
bias resistance of T3 ensures that this condition oecurs.

The overspeed case will now be explained. The grid voltage
of T2, previously blased off beyond cut-off, will now have risen to
the eritlcal value necessary for the passage of a plate current. The
plate voltage of T2 will therefore rise and drive the second hslf of
the tube beyond cut-off, thus causing the second plete voltage to rise. |
The grid voltage of T3 will rise sbove cut-off, and a plate current
will therefore flow through the tripping relay. -

Once the tripping relay has closed, the full 300 volts will
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be availsble for holding the relay closed, the current now flowing
through the hold-on contacts of the relay. The remaining pair of
contacts will be available for the external control circuilts. (See
later discussion on "Fail-Safe Feastures.") It is therefore necessary
to provide a switeh in the hold-on circult to reset the device after
tripping. The switch provided is a double«pole momentary-contact
type, the second palr of poles being used to interrupt the trip speed
set voltage at the same moment, snd once depressed the trip is now
ready for further use.

The important part of the circuit heas now been discussed,
and that remasining is purely a power supply of suitable type.

Figure lj shows the completed overspeed trip.

FAIL-SAFE FEATURES

Since the device described in this memorandum is a safety
measure to protect an sir turbine in the event of a fan or torque-
meter fesilure, it is important that the rig 1s not operated unless
the overspeed trip 13 energized.

Figure 5 shows diagrarmetically the alr feed to the turbine
and the point at vhich the overspeed trip 1s made to operate via =a
servo valve, It will be seen that the turbine gate valve is normally
held in the ,open position by a spring. Purther, the small bleed of
high-pressure air from the air main 1s discharged to atmosphere by
the solenoid-operated valve which is continuously energized during
running by a8 115-volts mains supply. Should the solenoid valve be
de=snergized by fsilure of the electrical supply, the entire air bleed
will be fed to the servo valve, thereby closing the supply to the air
turblne.

At any time the overall operation of the tripping gear
may be checked without actuslly running the rig by depressing the test
key and in so doing applying s sulteble triggering voltage independent
of the incoming signal.

CALIBRATION

Since the air gap between the phonic wheel and magnstic
plck-up will influence the trip speed, it 13 necessary that the gap
be checked with feeler gauges during assembly. It is then desirable
to run the rig unloaded and eatablish the voltage ageinst speed
relationship. For this purpose, a vacuum-tube voltmeter should be
connected to ths output from the rectifying bridge circuilt.

The critical voltage for trip should then be sscertained by
messuring the voltage at the grid of the second tube TZ2. With these
two quantitias, it {s possible to adjust the trip speed set so that
at the desired trip speed, the net voltage at the grid of T2 is
correct for tripping.

L,
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Figure 6 shows the voltage produced in the slsctro-magnetic
plck-up at various speeds,

CONCLUSIONS

An electronic overspeed trip has been developed for use
on the VTOL rig in the Engine Laboratory, and has been installed on
the rig. It has provided protection during operation of the rig,
at speeds in the 13000 - 15000 r.p.mo
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PHONIC WHEEL AND PICK-UP

FIG. 3.
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PHOTOGRAPH OF COMPLETED OVERSPEED

TRIP

FIG. 4.
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- VOLTAGE GENERATED IN THE ELECTROMAGNETIC PICKUP
AT VARIOUS ROTATIONAL SPEEDS
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