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AN ELECTRONIC OVERSPEED TRIP

SUMMARY

In o rde r  to p ro t ec t  the VTOL fen r ig  in the even t  of a fan
or to rquemeter  f a i l u r e ,  an ove r speed  t r i p  waa neces sa ry .  This  memo-
randum desc r ibes  an e l ec t ron i c  ove r speed  t r i p  des igned  to g ive  the
r equ i r ed  p ro t ec t i on ,  and which may be app l i ed  to any i n s t a l l a t i on
where an e l ec t r i ca l  ou tpu t  may be p roduced  by a su i t ab l e  gene ra to r
d r iven  by the sha f t  t r ansmi t t i ng  the power .

INTRODUCTION

In the app l i ca t i on  of t h i s  dev i ce  to the VTOL fan r ig  in the
Engine  Labora to ry  ( r e f .  Lab. Memo» NAE-ENG-57), p r ev ious  a t t emp t s  to
in t roduce  a mechan ica l  t r i p  had not been too succes s fu l  but deve lopmen t
work was not  pursued  to i t s  u l t ima te  conc lus ion  for  r ea sons  now g iven .
In view of the h igh  ro t a t i ona l  speed  i nvo lved ,  up to  20 ,000  r . p .m .  , i t
had been neces sa ry  to measure  the speed  a l so  by e l ec t ron i c  means a A
phonic  wheel  was f i t t ed  to the sha f t  and the ou tpu t  from a magne t i c
p ick-up fed i n to  an e l ec t ron i c  decade  coun te r .  The vo l t age  produced
a t  va r ious  speeds ,  though not l i nea r ,  waa thought to have su f f i c i en t
g rad i en t  near  the p ro j ec t ed  t r i p  speed  to r ep re sen t  a u se fu l  t r ipping
c r i t e r i on .  S imul t aneous ly  with t h i s  conc lus ion ,  d i f f i cu l t i e s  were
encoun te red  in deve lop ing  the mechan ica l  t r i p  to have the de s i r ed
sens i t i v i t y  and r epea t ab i l i t y .  The phon ic  wheel f i t t ed  to the r i g  was
therefore  app l i ed  to f i l l  a dua l  role of t a chome te r  and ove r speed  t r i p .
I t  should  be men t ioned  tha t  a l though no fundamenta l  ob l e c t i ons  cou ld
be found in the method of ope ra t i on  of the mechan ica l  t r i p ,  a number
of i n t e r ac t i ng  va r i ab l e s  in i t s  con f igu ra t i on  sugges t ed  tha t  a f a i r
amount of deve lopmen t  running would be neces sa ry .  Fur the r ,  s i nce  i t
was pos s ib l e  to s imu la t e  a r t i f i c i a l l y  an e l ec t r i ca l  output  equ iva l en t
to t ha t  ob t a ined  on the r i g ,  a l l  the e l ec t ron i c  ove r speed  deve lopment
was done under  " s t a t i c  cond i t i ons . "

The ove r speed  t r i p  d i s cus sed  in t h i s  memorandum was bu i l t
fo r  use with an op t i ca l  t o rqueme te r ,  f u l l  de t a i l s  of which w i l l  be
found in Labora to ry  Memorandum NAE-ENG-61 "An Op t i ca l  Torqueme te r
fo r  a Very Large Range of Speeds"  p repa red  by V.H. Wickham.

METHOD OF OPERATION

Refe r r ing  to Figure  1 ,  the ove ra l l  s equence  is  shown in
b lock  fo rm.  A phon ic  wheel  and e l ec t ro -magne t i c  p i ck -up  p rov ide
an a l t e rna t ing  current  whose f r equency  is  d i r ec t l y  p ropor t i ona l  t o ,
and whose vo l t age  i nc rease s  non - l i nea r ly  w i th ,  r o t a t i ona l  speed .
The phon ic  wheel  and e l ec t ro -magne t i c  p i ck -up  are shown in F igure  3.

The output from the p i ck -up  is fed i n to  an e l ec t ron i c
decade  coun te r  fo r  speed  measu remen t ,  and a l so  to the ove r speed  t r i p .
The feed  to the t r i p  is  f i r s t  r ec t i f i ed ,  and th i s  r ec t i f i ed  vo l t age
is then added to an accu ra t e ly  con t ro l l ed  but ad ju s t ab l e  datum
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vo l t age  p rov ided  by a vo l t age  d iv ide r  c i r cu i t  a c ros s  an accu ra t e  sou rce
of vo l t age .  These two vo l t ages  when added t oge the r  are then used to
p rov ide  the con t ro l l ing  vo l t age  of a Schmi t t  t r i gge r  c i r cu i t .  The
Schmi t t  c i r cu i t  is  then made to con t ro l  the g r id  vo l t age  of a f o l l owing
power tube which in turn ope ra t e s  the con t ro l  r e l ay .

In order  tha t  the sys t em f a l l s  s a f e ,  a fu r ther  r e l ay  Is
Inc luded  in the c i r cu i t  so t ha t  in the even t  of an e l ec t r i ca l  power
f a i l u r e  the f a l l - s a f e  r e l ay  Is de -ene rg i zed  and the h igh -p re s su re  a i r
supply  Is made to shut  the r i g  down. This 1s shown In Figure 5·

DESCRIPTION AND OPERATION OF THE CIRCUIT

The ope ra t i on  of the c i r cu i t  Is now d i scus sed  In de t a i l .
Refer r ing  to Figure 2,  the output from the e l ec t ro -magne t i c  p ick-up
is fed to a r ec t i fy ing  b r idge  c i r cu i t  by two coup l ing  condense r s  of
1 mf capac i ty .  At a frequency co r re spond ing  to a t r i p  speed  o f ,  s ay ,
15 ,000  r . p .m .  , t he se  capac i to r s  have a r eac t ance  of abou t  6I4O ohms
each .  The coupl ing condensers  are Inc luded  to p r even t  the f low of
the subsequen t  d . c .  component  through the p i ck -up  co l l .

The b r idge  r ec t i f i e r s  are  lN3li germanium d iodes ,  end the
r ec t i f i ed  output has a padding  cons i s t i ng  of an 0.6 mf condense r  and
5 megohm r e s i s to r .  This  padding  tends  to remove no i se  from the d . c .
output  of the b r idge  and thereby r e s t r i c t  the t r i gge r ing  s t r i c t l y  to
the pure d . c .  which is  p ropo r t i ona l  to the speed .

Tube T1 is a vo l tage  con t ro l  tube which ma in t a in s  82 vo l t s
accu ra t e ly  ac ros s  the t r i p  speed  se t  po t en t iome te r .  Acco rd ing  to the
pos i t i on  of the po t en t iome te r ,  a f i xed  datum vo l t age  Is then ava i l -
ab l e  for  add i t i on  to the r ec t i f i ed  vo l t age  from the b r idge  c i r cu i t .

When the vo l tage  on the f i r s t  g r id  of T2 is  below about
63 vo l t s ,  the f i r s t  ha l f  of T2 is cut  o f f ,  and there  be ing  no cur ren t
In the 56 ,000-ohms  p l a t e  r e s i s to r ,  the p l a t e  vo l t age  app roaches  the
p l a t e  supply  vo l t age  of 200 vo l t s .  S ince  t h i s  p l a t e  vo l t age  Is
coup led  to the g r id  of the second  ha l f  of T2 via the po t en t i a l
d iv ide r  (750 ,000  and 560 ,000  ohms) ,  the second  g r id  vo l t age  Is a t
I t s  h ighes t  va lue .  This  va lue  Is so a r r anged  by the d iv ide r  to  cause
the s econd  ha l f  of T2 to be conduc t ing .  In consequence  of t h i s ,  a
vo l t age  drop  occurs  ac ros s  the 39 ,000-ohm p l a t e  r e s i s t ance  and the
p l a t e  vo l t age  Is then su f f i c i en t ly  low tha t  when app l i ed  to the g r id
of the fo l l owing  tube T3, t h i s  l a t t e r  Is cut  o f f .  The 100 ,000  ohms
b ias  r e s i s t ance  of T3 ensures  tha t  th i s  cond i t i on  occu r s .

The overspeed  case  w i l l  now be exp la ined .  The g r id  vo l t age
of T2 , p r ev ious ly  b i a sed  off beyond cu t -o f f ,  w i l l  now have r i s en  to
the c r i t i c a l  value neces sa ry  fo r  the pa s sage  of 8 p l a t e  cu r ren t .  The
p l a t e  vo l t age  of T2 w i l l  t he re fo re  r i s e  and d r ive  the second  ha l f  of
the tube beyond cu t -o f f ,  thus caus ing  the second  p l a t e  vo l t age  to r i s e .
The g r id  vol tage of T3 w i l l  r i s e  above cu t -o f f ,  and a p l a t e  current
wi l l  t he re fo re  f low through the t r ipp ing  r e l ay .

Once the t r i pp ing  r e l ay  has c lo sed ,  the fu l l  30θ vo l t s  w i l l
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be ava i l ab l e  fo r  ho ld ing  the r e l ay  c lo sed ,  the current now f lowing
through the ho ld -on  con tac t s  of the r e l ay .  The r ema in ing  pa i r  of
con tac t s  w i l l  be ava i l ab l e  for  the ex t e rna l  con t ro l  c i r cu i t s .  (See
l a t e r  d i s cus s ion  on “Fa l l -Sa fe  Fea tu re s . ” )  I t  is  the re fore  neces sa ry
to p rov ide  a sw i t ch  in the ho ld -on  c i r cu i t  to r e se t  the dev i ce  a f t e r
t r i pp ing .  The swi t ch  p rov ided  is a doub le -po le  momenta ry -con tac t
t ype ,  the s econd  pa i r  of po l e s  being used to in t e r rup t  the t r i p  speed
se t  vo l t age  a t  the same moment,  and once dep re s sed  the t r i p  is  now
ready  fo r  fur ther  u se .

The impor tan t  pa r t  of the c i r cu i t  has now been d i s cus sed ,
and that  remaining Is purely  a power supply  of su i t ab l e  type .

Figure I4 shows the comple t ed  ove r speed  t r i p .

FAIL-SAFE FEATURES

Since  the dev i ce  desc r ibed  in t h i s  memorandum is  a s a f e ty
measure  to p ro t ec t  an a i r  turbine In the even t  of a fan or torque-
me te r  f a i l u r e ,  i t  is  impor tan t  t ha t  the r i g  is  not ope ra t ed  un less
the ove r speed  t r i p  is  ene rg i zed .

Figure $ shows diagramme  t i c a l l y  the a i r  feed  to  the turbine
and the  po in t  a t  vh ich  the ove r speed  t r i p  is  made to opera te  via a
se rvo  va lve .  I t  w i l l  be seen t ha t  the turbine  ga t e  va lve  is  normal ly
he ld  in the ,open pos i t i on  by a sp r ing .  Fur ther ,  the sma l l  b l eed  of
h igh -p re s su re  a i r  from the a i r  main is  d i s cha rged  to a tmosphere  by
the so l eno id -ope ra t ed  va lve  which is  con t inuous ly  ene rg i zed  dur ing
running by a 115 -vo l t s  mains supp ly .  Should  the so l eno id  va lve  be
de -ene rg i zed  by f a i l u r e  of the e l ec t r i ca l  supp ly ,  the en t i r e  a i r  b l eed
wi l l  be fed to the s e rvo  va lve ,  the reby  c lo s ing  the supply  to the a i r
tu rb ine  .

At any time the ove ra l l  ope ra t i on  of the t r ipp ing  gea r
may be checked  w i thou t  ac tua l ly  running the r i g  by dep re s s ing  the t e s t
key and in so doing applying a su i t ab l e  t r igger ing  vo l t age  independent
of the incoming  s igna l .

CALIBRATION

Since  the a i r  gap be tween  the phon ic  wheel and magne t i c
p i ck -up  wi l l  I n f luence  the t r i p  speed ,  i t  Is  neces sa ry  tha t  the gap
be checked  with f ee l e r  gauges  dur ing  a s sembly .  I t  Is  then des i r ab l e
to run the r ig  un loaded  and e s t ab l i sh  the vo l t age  aga ins t  speed
re l a t i onsh ip .  For t h i s  pu rpose ,  a vacuum- tube  vo l tme te r  should  be
connec t ed  to the output  from the r ec t i fy ing  b r idge  c i r cu i t .

The c r i t i c a l  vo l t age  fo r  t r i p  should  then be a sce r t a ined  by
measur ing  the vo l t age  a t  the g r id  of the s econd  tube T2. With t he se
two quan t i t i e s ,  i t  is pos s ib l e  to ad jus t  the t r i p  speed  se t  so t ha t
a t  the  de s i r ed  t r i p  speed ,  the net  vo l t age  a t  the g r id  of T2 i s
co r r ec t  fo r  t r i pp ing .
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Figure 6 shows the vo l tage  produced in the e l ec t ro -magne t i c
p ick -up  a t  var ious  speeds  0

CONCLUSIONS

An e l ec t ron i c  ove r speed  t r i p  has been deve loped  fo r  use
on the VTOL r ig  in the Engine Labora to ry ,  and has been In s t a l l ed  on
the r i g .  I t  has p rov ided  p ro t ec t i on  during ope ra t i on  of the r i g ,
a t  speeds  in the 13000 - IJjOOO r .p .m  o
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FIG· 2.
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FIG. 3.
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PHONIC WHEEL AND PICK-UP
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FIG. 4.

PHOTOGRAPH OF COMPLETED OVERSPEED TRIP
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FIG, 5.
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F IG .6  ■

VOLTAGE GENERATED IN THE ELECTROMAGNETIC PICKUP

AT VARIOUS ROTATIONAL SPEEDS
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