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THE  DEVELOPMENT O F  AN IMPROVED  VOR/TVOR  MONITOR# 

SUMMARY 

Development  and  Evaluation  Center of the Clv11 Aeronautlcs  Admlnlstratlon,  Indlanapohs. 
Indlana  Work  on  the  monltor  was  lnltlated  at  the conclusion of the TVOR development  wlth  the 
prlmary  oblective of producmg  the  companlon  monltor  requlred  for  the TVOR to  attain  com- 
missloned  status  However,  smce  the  deslgn  requlrements  for  monltorlng  the VOR and TVOR 
a re  Identical. the  Improved  monltor  descrlbed 1n thls   report  1s equally  apphcable  to  either  type 
of faclllty 

VOR monltors  and  whlch 1s deslgned so that  the  monltor  system  would  react  to a VOR or  TVOR 
The  monltor  employs  unique  clrcultry  which IS qulte  dlfferent  from  that  used  in  prevlous 

slgnal In the  same  manner  as  an  alrllne-type  navlgatlon  receiver  Alarms  are  provlded  when- 

t ransmlt ter  or the  monltor  falls 
ever the  facll l ty  transmlssions  vary  by  more  than  prescnbed  l imlts  and  when  elther  the 

Thls  report   descrlbes  an  improved VOR (or TVOR)  monitor  developed  at  the Technical 

INTRODUCTION 

Followlng  the  development of the  termlnal  omnlrange  (TVOR), a companion  development 
of an  Improved  monltor  was initiated The  deslgn  obJectlves  Included 

1 A monltor  that would react  to  an  omnirange  slgnal In the  same  manner   as  a standard 

2 Clrcultry  that  IS as  slmple  as  posslble to assure  maxlmum  rellabll i ty 
3 Such a degree of stahillty  and  arcuracy  that  the  monltor  can  be  used  for  ground  cahbratlon 

4 Operatlon of external  alarm  clrcults  when  the  omnlrange  course,  modulatlon  levels, o r  

alrllne-type  navlgatlon  recelver 

of TVOR statlons 

transmltter  power  output  vary  beyond  speclflc  tolerances or when  the  monltor  Itself  falls  to 
functlon  properly 

GENERAL  REQUIREMENTS 

The  following  speciflc  requirements  were  placed on the  design of the  monltor. 

1 Stablltty--The  monltor  course  lndlcatlon  shall  be  stable  to  wlthln *O 5' under  condltlons 

voltage of 115  volts  +10  per  cent,  power-hne  frequency of 60 cps +1 per  cent 
of temperature  vanatlons  between -10' and  +60° C, humldlty  up  to 9 0  per  cent,  power-hne 

2 Rellabillty--The  monltor  shall  provlde  contmued operation over  long  perlods of tlme  wlth 

malntenance IS relatively lnexpenslve  Component  tolerances  shall  be  such  that  selectlon 1s not 
a mlnimum of malntenance  The  constructlon  shall  be  such that the  lnstallatlon IS slmple  and 

necessary  when  replacement of any  component 1s needed  The  monltor  shall  provlde  an  alarm 
whenever  the  momtor  Itself  falls  to  functlon  properly 

or  120-cps  rlpple  component  on  the  carrler  or  by  10  per  cent of 30-cps  amplltude  modulatlon 
3 Effects of Modulatlon o r  Hum--The  monltor  shall  not  be  affected  by 5 per  cent of 60-cps 

on the 9 96-kc s u b c a r n e r  
4 Indlcated  Course  Shlft--The  monltor  shall  provlde  an  alarm  when  the  course shlft IS 

greater  than *1 0" 
5 Modulatlon  Levels--The  monltor  shall  provlde  an  alarm  when  elther  the  30-cps  varlable- 

phase  slgnal  or  the 9 96-kc subcarr ier   s lgnal  varies *15 per   cent   or   more  f rom  normal   level  
6 R-F  Level--The  monltor  shall  provlde  an  alarm  whenever  the  transmitted r-f power 1s 

decreased  more  than 50 per  cent  below  normal Any decrease  less  than 50  per  cent  in r-f level 
shall  not  affect  the  course or the modulation-level alarm  l lmlts  

bearmg 

resetablllty 1s wlthln +O 1' 

7 Self  Callhration--Clrcultry  shall  be  provided for callhratmg  the  monltor at zero-degree 

8 Bearing  Accuracy  and  Resetablllty--The  lndlcated  bearmg  accuracy shall be  such  that Its 

*Manuscript submltted for publlcatlon  April  1955 
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CIRCUIT  DESCRIPTION 

schematlc  dlagram,  Flg 2 It is svnilar  to  that of a Colhns  Radio  Company  Type  51R-3  air- 
The  monltor  clrcultry  employed 1s presented  in  the  block  dlagram. F l g  1, and  In  the 

borne  navigation  receiver.  and a large  number of component par.5 used m the  momtor  are 
Interchangeable  wlth  slmllar  parts  In  the  Collins  receiver 

Reference  Channel 

nected  to  the  reference  channel  by a 470-mmfd  capacltor  whlch  effectlvely  blocks  the  30-cps 
component  and  offers a low lmpedance  to  the 9 96-kc signal  The  slgnal  then  passes  through a 
9 96-kc  band-pass  fllter  (block 9) and a 0 5-megohm  potentlometer  to  the  Input of tube V-1A 
(block  10)  The  Input  level  to  tube V-1A IS controlled by the 9 96-kc LEVEL  potentlometer 

and  V-3,  where  all  amplltude  modulatlon IS removed  from  the 9 96-kc  frequency-modulated 
The  output  of  tube V-1A 1s connected  to  the  llmltlng  stages  (block  ll),  conslstmg of tubes  V-2 

V-4A (block 12) The  dlscrlmmator  (block  13)  used m the  momtor IS a ratlo-detector  type  of 
slgnal  The  output of the  llmltlng  stage,  tube  V-3, 1s fed  to  the  discriminator amplifier, tube 

dlscrlmlnator  using  tube V-5  as the rectifier The  30-<ps  reference  signal  from  the  output of 
the  dlscrlmlnator IS fed  to  the  lnput of the  reference  30-cps  ampllfler  tube  V-4B  (block 14) 

the Input of the  omnlbearmg  selector (OBS) amphfler  tube V-6A (block  17)  The VOR PHASE- 
The  output of this  tube 1s fed  through a phase-adJustlng  network  to a level  control  and  thence  to 

wlth  the  bearmg  obtalned  dunng  the  comrnlsslonmg  fllght  check  for  that  partlcular  bearlng 
VERNIER potentlometer,  in  conJunctlon  wlth  the OBS, IS used  to  set   the VOR bearlng  to  comclde 

where  the  detector  head 1s located  By  use  of  thls  vernler  and of an OBS wlth  detents,  the 
resetablllty of the OBS to a speclfled  bearlng 1s wlthln +O 1' The  value of the  asterisk-marked 
resls tor  1s selected  to  set  the  control  range of the VOR PHASE VERNIER to +2*  The REF 
30-cps  LEVEL  control IS used  to  adJust  the  reference-channel  output  to  the  desired  level 

See  blocks 9 through 14 and 17 through 20  of Flgs  1 and 2 The  detector  output 1s con- 
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the  cathode of tube V-6A and  ground  The  stators of the OBS are  connected  to a reslstance- 
capacitor  (RC)  network  in  whlch  the  reslstance 1s equal  to  the  reactance of the  capacltor  at 
30 cps  The OBS GAL TRACKING control 1s adJusted  to  an OBS bearlng of 60' whenever  the 
OBS 1s replaced A Type CA-1430 audlo  generator  should be used  for  thls  ad~ustment  The  out-  
put of the RG network 1s fed  through a low-pass RC fllter  to  the  Input of tube V-7 (block  19)  The 
output of tube V-7 IS fed  to  the Input  of  tube  V-8  through  the  secondary  wlndmg of a push-pull 
transformer  The  secondary of thls  transformer IS connected  to  an  autotransformer to  provlde 
push-pull  excltatlon  for  the grids of  tube  V-8  The 0 01-mfd  capacltor  tunes  the  autotransformer 
to parallel   resonance  at  or very  near  30 cps  The  470,000-ohm  reslstor  provldes a constant 
transformer  load  Tube  V-8  serves  as a stralght  ampllfler  to  provlde  the  power  necessary  to 
drlve  the  reference portLon of the course-devlatlon-mdlcator (CDI)  clrcults  The  prlmary of 
the  output  transformer  (block 20) 1s tuned  to  resonance  at 3 0  cps  In  order  that  varlatlons In the 
plate  reslstance  due  to  tube  Interchange w ~ l l  not  cause  varlatlons In phase  angle 

Varlable  Channel 

the  detector  passes  through  the VAR LEVEL  control, a blockmg  capacltor,  through  the VOR-GAL 
swltch  and  the  30-cps  filter  (block 25) to  the Input of tube V-9  (block 2 6 )  The VAR LEVEL  con- 
t r o l  1s used  to  adlust  the  30-cps  output  to  the  deslred  level  The  tuned  clrcult, In conpnctlon 
wlth 0 0448-mfd  and 0 05-mfd mlca  capacltors  to  ground,  forms a resonant  circuit  tuned  to  ap- 
proximately 25 cps By this  comblnatlon  there IS establlshed  between 30 cps  and  frequencles 
sllghtly  hlgher a steep  attenuatlon  characterlstlc  whlch  mlnlmlzes  the  effects of 60-cps  hum 
The GAL PHASE control,   used  durmg  monltor  callbratlon,  serves  as  an  adpstment of the  amount 

monltor  callbratlon  The  vanable-phase  ampllfler  tube V-9  (block 26)  1s a phase-Inverter  stage 
of phase shift through  the  fllter s o  that  the  course-devlatlon  mdlcator  can be centered  during 

obtalnlng  excltatlon  from  the  voltage  dlvlder  comprlslng  the  470,000-ohm  and  the  6500-ohm 

V-10 serves   as   the meter-circuit amphfler  and raises the  power  to a suitable  level  for excitation 
reslstors  The  push-pull  output of thls  tube 1s coupled  to  the  Input of tube V-10 (block 27)  Tube 

of the  meter  clrcuit   The  prlmary wlndmg of the  output  transformer  (block 28) 1s tuned  to 30 cps 
in  order  that  varlatlons resulting from  tube  lnterchange  wlll  not  produce  phase  shlft 

Course-Devlatlon-Indicator Glrcult 

portlon of the  varlable-channel  output  by  the  transformer  secondary  connectlons  and  that  the 
It  wlll  be  noted  in  Flg 2 that  part of the  reference-channel  output is added  to a slmllar 

vector s u m  of these two voltages 1s applled  to  one  section of the  double-brldge  rectlfler  It  wdl 
also be  noted  that  the  other  half of the  double-brldge  rectlfler 1s drlven  In a slmllar  manner 
except  that  the  polarity of one  wlndlng  has  been  reversed  Thus  the  condltlon 1s establlshed 
wherein  the two a-c  voltages  are  rectlfled  (block 21) and  appear  across  the  load  reslstor  as a 
dlfferentlal  d-c  voltage 

voltages  exists  The BALANCE potentlometer  provldes a dlfferentlal   adpstment of one bridge 
Thls  results In a deflectlon of the CDI meter  (block 23)  when a dlfference In the  two  d-c 

output  wlth  respect  to  the  other when measured  across  the  double-brldge  load  and  thus  serves  as 
a balance  adJustment to ellmmate  the  unbalanced  currents  whlch  may  result  from  shght 
dlfferences  In  the two brldges  as  well   as  from  tolerance  varlatlons In  the  load  reslstors 

TO-FROM  Meter  Circuit 

of the  reference-  and  varlable-channel  output  transformers  and  the  phase-spllttmg  components 
(the 1 0-mfd  capacltor  and  the  5600-ohm  reslstor) A TO-FROM  lndlcator  housed  within  the 
omnlbearlng  selector  lndlcates  whether  the  bearlng  bemg  recelved 1s the  deslred  bearmg  or  one 
dlsplaced  180'  from I t  To  provlde  thls  amblgulty  mdlcatlon,  the  phase  detector  operates in  
such a fashlon  that a condltlon of balance  exlsts  displaced  90'  from  the  condltlon of balance on 
the  course-devlatlon  lndlcator  Thus, when  the deslred  bearlng 1s selected, a d-c  output of one 
polarity  wlll   exlst   across  the  outer  terrnlnals of the  5600-ohm  load  reslstors  and  the  TO-FROM 

wlll  lndlcate TO 
lndlcator  wlll  Indicate  FROM If the reciprocal of the  deslred  bearmg 1s selected,  the  mdlcator 

30-Cps  Level-Meter  Clrcult 

erence  and  varlable  channels  The  slgnal  to be measured 1s selected  by  the  sprlng-return  toggle 
swltch  (normally m the  varlable  channel)  and 1s fed  to  the Input of the  cathode-follower  tube V- 11 

The  rotor of the OBS (block  18) 1s connected In s e n e s  wlth a 1500-ohm reslstor  between 

Thls  variable  channel 1s shown In blocks 25 through 28. Flg 1 The  30-cps  output  from 

The  TO-FROM  meter  clrcults  (block 29) are  composed of the  center-tapped  secondarles 

The VARIABLE LEVEL  meter  (block 32)  1s used  to  measure  the  voltage  levels of the  ref- 
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(block 30) The  output of this  tube 1s detected  by  tube  V-12B  (block 31) The  detected  signal 
1s then  fed  to  the VARIABLE LEVEL  meter  The VARIABLE LEVEL  potentiometer 1s used  to 
adpst   the   sensl t lvl ty  of the  meter  for  operatlon  as  the  variable-level  alarm 

Self-Callbratlon  Circuits 
The  callbratme  clrcults  consist of the VOR-CAL swltch.  the GAL VAR LEVEL  potentio- 

meter ,   and a res l s tor  When the  swltch IS In  the GAL position,  the  30-cps  reference  slgnal 1s 
fed  to  both  the  variable  and  reference  channels When the OBS 1s se t  to a bearing of zero  
degrees,   the C A L  phase  control  1s  used  to  adpst  the  phase  shlft  of  the  30-cps  filter  (block 2 5 )  
untll  the CDI reads  zero  devlatlon  The GAL VAR LEVEL  control 1s used  to  adjust  the  level of 
the  varlable  channel  The  REF  30-cps  LEVEL  control IS used to adps t   the   l eve l  of the 
reference  channel  to  the  same  level  as  that of the  varlable-channel  output 

Modulatmn-Level  Alarm 

of clrcultry  The  reference-slgnal  alarm  operates  from  the  detected 9 96-kc  slgnal  (blocks  5.6, 

(blocks  30,  31,  32,  36)  The  slgnal  from  the  reference  channel 1s taken  from  the  output of tube 
7 ,  15). whereas  the  vanable-signal alarm operates  from  the  detected  varlable  30-cps  output 

V-1A (before  hmltlng)  and 1s detected by V-12A (block 6), and Its level IS mdlcated  by  the 
reference-alarm  meter  (block 7) Thls  meter  has two vanes  on Its polnter,  and,  when  the 
detected  signal  level  vanes  by  more  than  i15  per  cent  from  Its   adpsted  value,  one of  the  vanes 
will  cover  the  dlal  hole,  cut off the  hght  to  the  photocell,  and  thus  cause  the  relay  to  produce  an 

photographic exposure  meters 
a larm  The photocell 1s a barrler-layer  type  and  has a very  long  life,  evldenced  by  Its  use  In 

Operation of the  photocell-alarm  clrcults  (blocks  15, 24. 36) IS a s  follows  When  the 
photocell 1s not  conductlng  (the  alarm-meter  vanes  are  over  the  dlal  hole),  the  generated  current 
m the  photocell is zero  and  the  alarm  relay 1s In  the de-energized (alarm)  posltion  When  the 

- 

The  modulatlon-level  alarms  for  both  the  reference  and  varlable  slgnals  use  the  same  type 

H " a # l r m a r . r  I S 3  
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Flg  2 Ommrange  Monitor  With  Photocell  Motors 
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Flg 3 Front View of Monltor 
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Flg  4 Rear Vlew of Monltor 

photocell 1s conductmg  (the  meter  vanes  are  not over dlal  holes),  the  photocell  generates  cur- 

be satlsfactory  durlng a test   perlod of a year 
rent,  thus  energlzmg  the  relay  (nonalarm  posltlon)  Thls  type of a l a rm circuit has  proven  to 

makmg  relays whlch  operated  as  tolerance-alarm  controls  were  trled  and  were found to be 
unrellahle  The  unrellahle  condltlon  was  caused by the  occaslonal  fallure of the  relay  contacts 
to  malntaln  contlnmty  when  they  were  operated  near the tolerance  llmlts  Vlhratlon  also  caused 
erratlc  operatlon of the  relays  The  sensltlve  relays  that  are  used In the  monltor  under  dlscus- 

amperes,  and  the  contacts  are  open  at 2 5  mlcroamperes 
slon  are  not  used as tolerance-control  relays  The  normal  relay  current 1s over 60 mlcro- 

Course-Devlatlon  Alarm 

ends of the  brldge rectifier (block 21)  through two 47-ohm resistors  Wlth  an  on-coursc  slgnal. 
Each of  the  course-devlatlon  alarm  meters  (block 2 2 ) ,  Flg  1, are  connected  at  opposite 

the  voltage  across  the  47-ohm  and 1000-ohm reslstors  and  the  balance  potentlometer IS equal 
for  both  sections of the  reslstance  network  and  both  meters  read  the  same When the  course 
devlates,  the  voltage  across  each 47-ohm  sectxon  of  the  reslstance  network 1s different and  the 

that,  wlth  an  off-course  bearlng of 1 "  or  more.   the vane on the  meter  pomter w ~ l l  cover  the  dlal 
meter  pomters  move In opposlte directions The  value of the 47-ohm realstor  was  selected so 

hole  and  wlll  cause  the  alarm  clrcults  to be actuated 

In  the  early  stages of development of the  monltor,  sensltlve  zero-center-type  contact- 



R - F  Level  Alarm 
The r-f level  meter  fblock 16) measures  the  d-c  outnut  level  from  the  fleld  detector 

When  the r-f power  lndlcat'ed  by  the'field  strength  at  the  d;tector  pickup is reduced  by 50 per  

energlzes  the  alarm  clrcult  (block 24) 
cent  or  more,  the  vane  on  the  polnter of the  r-f  level  meter  covers  the  dlal  hole  and  thus 

Audio  Channel 
The lnDUt to  the  audlo  channel 1s connected  from  the  detector  outnut  throueh  an  audlo-level 

potentlometer  to  the  mput  of  the  two-stage  audlo  amphfler,  tubes V-19k and  V-I9B  (block 2) 
The  output of V-19B 1s connected  to a band-pass  ftlter  (block 3)  whlch  removes  the 9 96-kc  sub- 
c a r r l e r  and  the  30-cps  varlable  slgnal,  allowmg  only  the  deslred  audlo  slgnal to pass  through  to 
the  next  stage  The  filter 1s constructed  as a single  unit  with  all  clrcult  components  sealed 
wlthln  The  output of the  band-pass  fllter 1s fed  to  the  Input of ampllfler  tube V-6B  (block 4) 
through  an  output  transformer 

Field  Detector 

In blocks 1 and 8 of F l g  1 and  in  the  schematlc  dlagram.  Flg 2 The  modlflcatlon  conslsted of 

the  head A Type  RG-22/U  twm  conductor  cable  with a polarized  plug  and a Type  RC-8/U  cable 
replacing  the  germanlum  crystal  drode  wlth a Type  12AL5  tube  and  addmg a Microsen  unlt In 

are  used  for  interconnectlons  between  the  detector  head  and  the  monltor  One  lead of the  twm- 
conductor  cable is used  for  the  Microsen  control,  and  the  other 1s used  for  the  filament  supply, 
wlth  the  shleld  belng  used as a common  ground  return  The RG-B/U cable IS used  to  connect  the 

ponents  namely,  the 9 96-kc subcarrier,  frequency  modulated  at 30 cps,  the  30-cps  slgnal. 
detector  output  to  the  monitor input  The  output of the  detector  conslsts of three  prlnciple  com- 

variable  phase,  and  the  audlo slgnal,  volce  or  1020-cps  keyed  characters 

The  detector  used  wlth  the  monxtor IS  a modlfled  Type  CA-1278  fleld  detector  and IS shown 

SPECIAL COMPONENTS 

The  type of clrcuit  components  used  In this equpment  were  selected  for  those  character- 
lstlcs  whlch  would  enable  the  monltor  to  meet  deslgn  ohJectlves  Flgures 3 and 4 show  the 
locatlons of the  main  components 

R-F Level  Meter 
A Weston  0-50  mlcroammeter 1s used  as a voltmeter  to  measure  the  detector-head  d-c 

output  voltage  and as an r-f alarm  meter  The  modlflcatlon  requlred  to  provlde  the  r-f-level 
alarm  conslsted  of  providing a hole In the  dlal  face,  moving  the  polnter  stop,  and  addlng a vane 
at  the  end of the  pomter  The  relatlonshlp of the  hole,  the  stop,  and  the  yane 1s such  that  the 
vane  covers  the  hole  when  the  polnter 1s agalnst  the  stop  An  external  lamp  is  mounted  over 
the  hole so that  Its  light  shmes  on a photocell,  whlch  energlees  the  alarm  relay  When  the 
power  output  from  the transmitter fal ls  50 per   cent   or   more below Its normal  value,  the  pointer 
vane  cuts off the  hght.  thereby  de-energlzlng  the  alarm  relay  and  actuatmg  the  alarm circuitry 
The r-f level  meter  shown  In F l g  3 has  not  been  modlfled  as  described  above 

Course  Meter 

tor  brldge  and 1s used  to  mdlcate  course  devlatlon A 1500-ohm  reslstor  across  the  meter IS 
used   as  a shunt  for  calibration so that   the  meter  reads  dlrectly In ter ths  of a degree  Full-scale 
devlatlon  equals i 2  0" 

9 96-Kc  Level-Alarm  Meter 

ter  and a dlal  callbrated  from 0 to  100  The  dial  has a hole  above  the  50 mark  through  whlch  an 
Meters,   Inc . Model SO 1s a 0-500 rnlcroammeter  lncorporatlng a speclally  deslgned  poln- 

external  llght  shlnes on  a photocell,  whlch m turn  energlzes  the  alarm  relay  when  the  monltor 
1s operating  normally  Attached  to  the  meter  pomter  are two a r m s  wlth  small  vanes at the  end 
of each  arm  Polnter  stops  are  provided  to  prevent  the  movement of the  vanes  beyond  the  hole 
positions The  spacmg of the  vanes 1s equal  to 16 dlal  dlvlslons When the  monltor 1s in  normal 
operation  and  the VOR c a r r i e r  1s modulated 30 per  cent by the 9 96-kc  slgnal,  the  center of the 
pomter 1s at SO on the  dlal  and 1s dlrectly below  the  hole  in  the  dlal  face When the 9 96-kc 
slgnal  level is changed  by  more  than  +15  per  cent,  the  polnter wil l  move  in  accordance  with  the 
change In level  and  elther  vane  wlll  cover  the  hole m the dial, thus  lnterruptlng  the  hght  to  the 
photocell  Thls  de-energizes  the  relay  and  connects  the  alarm  clrcults 

A Weston  Model 35CZ 20-0-20 mlcroammeter  is  connected  across  the  output of t h e   v a n s -  
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Variable-Level  Alarm  and  Reference  30-cps  Level  Meter 

manner  except  that It normally  operates  from  the  varlable-channel  30-cps  signal  Instead  of 

the  30-cps  voltage  from  the  reference  channel 
from  the  reference-channel  30-cps  signal When  the SW-3 swltch is operated,  the  meter  reads 

Left  and  Right-Course  Alarm  Meters 

modified  dlals  and  polnters  The  meters  were  modlfled  to  Incorporate a hole m the  dlal  above 
the  30-pa mark  Through  this  hole,  an  external  hght  shlnes  on a photocell  whlch m turn  ener-  
glees  the  course-alarm  relay  when  the  monltor 1s operating  normally A small  vane 1s attached 
to  the  end of the  pointer.  and a stop is provlded so that  the  polnter  wlll  not go below  the  30-pa 
mark  Wlth  the  monitor  operatmg  normally  and  the CDI meter  at   zero  deviatlon,  the two course 
meters  read  approximately 47 on  the  dlal When the  course  devlates  from  the  zero  bearing,  the 
meter  polnters  wlll  move  In  opposlte  dlrectlons When elther  pointer  decreases  to  the  30-pa 
posltlon.  its  vane wil l  cover  the  hole  In  the  dlal  and  shut off the  llght  to  the  photocell  The  photo- 
cell  then  stops  generating  current,  de-energlzes  the  alarm  relay,  and  connects  the  alarm  clrcults 

Mlcrosen 
The  Mlcrosen  unit  TypeY3-28-122,  manufactured by Mannmg,  Maxwell  and  Moore,  Inc , 

IS used  as  an  automatic  volume  control A negatlve  blas  voltage 1s connected  to  the  unlt,  and  the 
desired  blas  level IS set  by  the AVC level  control When  a speciflc  value of blas 1s applled  to 
the  Microsen. it wlll  not  operate  untll  the posltlve-rectified r-f voltage  exceeds  the  bias  voltage 
The  Mlcrosen wll l  then  operate  and  detune  the  secondary of the  detector  r-f-plckup  transformer 
Thls  wlll  tend  to hold the  detector  output  constant  with  Increased r-f voltage  apphed  to  the  coil 
In case  the r-f level  decreases  the  Microsen  wlll  hold  the  detector  output  constant  until  the 
detunmg  actlon  stops.  at  whlch  tlme  the  detector  output  wlll  decrease  hnearly  untll  the  R-F 
LEVEL meter  glves  an  alarm 

Thls  meter 1s the  same  type  as  Just   descrlbed  I t  1s modifled  and  operated  In  the  same 

These two meters   a re   Meters ,   Inc  , Model 50, 0-100 mlcroammeters  wlth  speclally 

TESTS 

The  range of controls  glven  In  Table I 1s based on the  varlatlon of the  input-slgnal  level 
(as  measured  at  monltor-slgnal  input  lack)  that  could  be  tolerated  and still allow  the  rnonltor 
to  operate  normally  after a readJustment of the  level  control 
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F l g  6 Llrnlter  Characteristlcs Wlth  Change  of 9 96-kc Input Level 

TABLE I 

RANGEOFLEVELCONTROL 

Input Slgnal 

9 96-kc reference 
30 cps variable 

Manmum 
A C Input Voltage 

Mlnlmum 

10 0 
10 0 

0 19 
0 185 
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F l g  E Change of Indlcated  Bearlng  Wlth  Change of Power-Llne  Frequency 

The  range of the  phase  controls,  when  the  rnonltor 1s operated  wlthln  these  ~nput-slgnal 
levels  are  given  in  Table 11 

Control 

Calibration phase 
VOR phase  vernier 

TABLE I1 

RANGE OF PHASE  CONTROL 

(degrees) 
+ 

2 a  
2 0  

- 
(degrees) 

2 8  
2 0  

The VOR phase  vernier 1s callbrated  at * 2  0" In 0 1"  Increments 

Microsen  Character ls t lcs  

matlc  volume  control  The  detector  output  increases  almost  lmearly  with  Increase  In r-f 
Flgure 5 shows  the  effects  on  the  detector  output  when  the  Microsen 1s used  as  an  auto- 

slgnal  level  until  the  output  reaches  the  value  at  whlch  the  Mlcrosen  takes  control  After  tlus 

ITHOUT AM  MOOULATION 

479s  AUDIO  GENERATOR  BEARING  (DEGREES) 
U. I Z U L  D(lI-m 

"NO E*LY,m* rr",a 
*a"** rnYS I**IU 

Fig  9 Change In Callbratlon-Error  Curve  Caused by Eleven  Per  Cent of AM Modulatlon on 
Tone-Wheel  Output 
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F l g  10 Indicated  Change of Bearlng  Wlth  Change of Amblent  Temperature 

p o d  has  been  reached,  the  detector  output  remains  nearly  constant  wlth  Increased  Input  levels 
Flgure 5 graphically  shows  the  level of control  wlth  the  various  blas  voltages  applled  to  the 
Mvllcrosen unlt 

Llmlter  Characteristlcs  Wlth  Change of 9 96-kc  Input  Levels 

the  monltor  The  slgnal  level  was  vaned  from 0 001 to 1 0 volt,  and  the  level of the  30-cps 
reference  channel  was  recorded  Flgure 6 shows  that  the  30-cps  reference  voltage  leveled off 
wlth  an  Input of 0 08 volt  and  remamed  constant  for  Inputs  up  to 1 0 volt 

Dlscrlminator-Output  Llnearlty  With  Change of Devlatlon  Frequency 

under  static  condltlons  by  applying a slgnal  of  varlable  frequency In 0 2-kc steps  and  by  meas- 
The  characterlst lc of the  l lmlter 1s glven In F i g  7 Thzs characterlst lc  was  determined 

urmg  the  d-c  output of the  dlscrlmlnator at each  step on  a high-impedance  d-c  lnstrument 
Thls  figure  shows  that  the  dlscrxnlnator  output IS hnear  over  the  frequency-devlatlon  range 
of *1 kc  from  the 9 96-kc center  frequency 

Change  of  Indicated  Bearlng  Wlth  Change of Power-Line  Frequency 

The  errors  result ing  from a varlatlon of & l  cps In power-hne  frequency  would be less  than 0 I', 
Flgure 8 shows  the  error  that  would  result wvlth variation of the  power-llne  frequency 

or &O 4"  for  a 2-cps variation 

Change  In  Callbratlon  Error  Caused  by 11 Per  Cent  of  30-cps  Amplitude  Modulatlon  on  the 
9 96-kc  Subcarrler 

The  addltlon of 11 per  cent of 30-cps  arnplltude  modulation  to  the 9 96-kc subcar r le r  
stgnal  caused a change of 0 1' m the  cahbratlon-error  curve,  as  shown In Flg 9 It  wlll  also 

The 9 96-kc F M  slgnal  was  fed  from a Collins 4795 slgnal  generator  to  the  input  Jack  of 

F l g  11 Reference-Level  Alarm  Characteristics  and  30-cps  Reference  Output  Level 



12 

70 35 

ALARM  METER 

*ALARM  LIMITS 
30 CPS OUTPUT = 

60 
I 
I 

30 
m 
0 > 
5 

U a 
50 25 f 

3 a 
k- 
3 
0 

% 
0 z ~ 4 0  
a 

20 v) 

W 
U 

a " 
W 4 < 30 
0 
v) 

0 2  0 2 5  0 3  035 0 4  045 0 5  
15 

055 
30-CPS  MODULATION  INPUT  VOLTAGE 

".new., m - n  .m ." L Y I T l l  C U T E "  
1*m.*..w1 1*011*1 

F i g  12  Varlable-Level  Alarm-Circuit   Parameters 

meter  readings 1s compared  with  the  change  in  power-line  voltage 
be  noted  that  the  calibration  error  of  the  monitor is *O 25' In  Table 111. the  change  in  alarm- 

Change of Indlcated  Bearing  Wlth  Induced  Hum 

signal  Introduced  dlrectly  into  the  input  of'the  monitor,  the  manmum  error  ln  Indicated  bearing 
was  less  than *O 01'  With a normal  omnlslgnal  plus 5 per  cent  modulatlon of 60- o r  120-cps 
hum  from  the 479s and  211  slgnal  generators  fed  through  an r-f ampllfler to the  antenna  Input 
of the  field  detector,  the  bearing  error  for  variation  in r-f level  was  as  shown  In  Table IV 
Table V Indicates how the  course-alarm  meter  readings  vary  with  the  change  in  the  30-cps 
variable-slgnal  level 

With  equal  voltages of 9 96-kc subcarrier,  30-cps  varlable  slgnal,  and 60- o r  120-cps  hum 

Fig  13  Course  Alarm-Meter  Characteristics  With  Change of Signal  Bearing 
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TABLE I11 

ALARM METER READINGS VERSUS POWER-LINE VOLTAGE 

Meter  Readlngs 

Level-Alarm  Meter  Level-Alarm  Meter Left 
Course  Meters  9.96-kc 

Right 
30-cps 

Power 
Lme 

(volts) 

108 

120 

132 

47 47 

49  49 

50  50 

49.5 
50.0 

50 3 

50 

50.2 

50.3 

TABLE I V  

BEARING ERROR VERSUS INPUT  LEVEL 

r-f Ampllfler 
21 1A  Input to   Detector   Bearlng  Error  

a-c  
(mlcrovolts) 

d-c ~ O - C P S ,  5 per  cent  Hum  120-cps, 5 per  cent  Hum 
Bear lng   Er ror  

(volts)   (volts)   (degrees)  (degrees) 

200,000 3.75 16.0 

100,000 1.95 8 2  

50,000 0.92 4 0  

20,000 0.37  1.6 

*0.02 

*0.15 

*0.20 

f0.30 

*O 

fO 
*0.01 

f0 .02  

TABLE V 

COURSE-ALARM METER READINGS VERSUS 30-CPS VARIABLE-SIGNAL LEVEL 

30-cps  Variable  Level 

Normal 

Reduced  15  per  cent 

Measured 15 per  cent 

Course-Meter  Readings 
Left  Rlght 

48  48 

43  43 

54  53 

Bea rmg   Er ro r  

(degrees)  
0 

- 0  02 

tG.08 

Indlcated  Change of Bearmg  Wlth  Change of Amblent  Temperature 
The  monltor  was  placed  In  the  temperature  chamber  at a room  amblent  temperature  of 

+25' C and a humldxty of approxlmately 60 per  cent  The  change  in  the  lndlcated  bearlng  was 
approxlmately 0 2"  In  the  temperature  range of -10"  to  t25' C and  about 0 5' In the  range of 
t25'   to  t65'  C The  mdzcated  change  of  bearlng  averaged  about 0 7' for  the  over-all 
temperature  range,  as  shown  In  Flg 10 

Reference-Level  Alarm 

more  than *22 per  cent  The alarm llrnlts  are set by  the  physlcal  spaclng  between  the  two  vanes 
9 96-kc  slgnal, as shown In F l g  11.  and  an alarm wlll  be  glven  when  the  Input  level  varles b y  

on  the  alarm-meter pomnter, and,  In  the  case of the  prototype  meters,  thls  spacing  allowed a 

the  level of the  30-cps  reference  slgnal  wlth  change of level of the 9 96-kc  slgnal 
varlatlon of *22 per cent  Instead of the  deslgn  ObJectlve of *15 per  cent  Flgure  11  also  shows 

Variable-Level  Alarm 

varlatlon  when  the  Input  level  was  vaned  from 0 2 to 0 5 volt   The  alarm  meter  wlll   cause  an 
Flgure 1 2  shows  the  lmearlty of the  30-cps  variable-slgnal  voltage  and  the  alarm-meter 

alarm  when  the  30-cps  Input  level  changes  by  more  than *15 per  cent  from  the  adJuSted  value 

The  reference-level alarm meter  reading 1s dxrectly  proportlonal  to  the  Input  level of the 
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Flg  14 Callbratlon-Error  Curve of Tllden VOR Statlon  Uslng a Four-Loop  Antenna 

The  varlahle-channel  alarm  meter 1s the  same  type  as  used  in  the  reference  channel,  and  the 
a l a rm  hml t s   a r e   s e t  by  the  dlstance  between  the two vanes on the  pomter 

Course-Alarm-Meter  Characterlst lcs With  Change of Slgnal  Bearlng 

on-course  hearlng  are  shown m Fig  13  It  should  be  noted  that  either  meter wlll  decrease  in  

the  desired  alarm  These  data  indxate  that   the  monltor  wlll   alarm  when  the  course shlfts 
reading  dependmg  on  whether  the  shlfts  are  plus or minus,  and it 1s thls  decrease  whlch  actuates 

approximately f1' f rom Its adjusted  bearing 

The  characterlst lcs of the  right-  and  left-course  meters  when  the  course  shlfts  from  the 

- T Y O R  MONITOR ---- 1277 YODEL MONITOR NO 10 
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Comparative  Field-Calibratlon  Tests 

when  usmg  the TVOR monltor, a modlfled  Type CA-1277 monltor,l  and  data  obtalned on a s1x- 
mlle-clrcle  fhght  test   Flgure 15 shows  the  callbratlon-error  curves  when  the  same  type of 

north  experimental VOR statlon  at  TDEC 
equipment  and  condltlons  are  used  wlth  the  exception  that  these  data  were  obtalned  from  the 

The  fllght-callbratlon  data  for  both of these  statlons  were  taken  from  recordings  made 
In the  aircraft  durlng  fllght  on a slx-mlle  theodohte-checked  clrcle  The  flight-check on the 
Tllden VOR statlon  had  been  made  several  weeks  prlor  to  the  ground-checks  The  flight-check 
on  the  north VOR statlon  was  made  during  the  same  week  as  ground-checks  The  monltor- 

intervals  about  the  counterpolse  perlphery  and  wlth  the  course  belng  recorded  at  each  positlon 
calibration  data  were  obtalned  with a counterpoise  detector  mounted  successively  at 20" 

as lndlcated by the  Type  CA-1277  and  the TVOR monltors 

Flgure  14  shows  the  callbratlon-error  curves  of  the  expenmental  Tilden VOR station 

From  the  curves of Figs  14 and 15, it w ~ l l  be  noted  that 

2 The two monltors  agree  wlthln 0 5" at   each  statlon 
1 The  fhght  and  monltor  checks  show  falrly good correlatlon 

3 The TVOR monltor-callbratlon  curve  lles  between  the  flight-check  and CA-1277 monltor 
curves  at   nearly  all   points  and  for  each  statlon  calibration 

CONCLUSIONS 

A momtor  has  been  developed  whlch  meets  the  requirements for monltorlng TVOR or VOR 

wlth  the  deslgn of other  monltors,  It 1s concluded  that 
statlons On the  basls of the  tests conducted at  thls  Center  and on the  basls of a comparison 

1 The  monitor  deslgn  mcorporates  many  improved  fall-safe  features 

3 The  monitor  can  be  used  to  calibrate a statlon  to  an  accuracy of 0 1"  wlthout  the  use of 
2 The  automatlc  gam  control  used IS simpler  and  more  stable  than  d-c  ampllfler  types 

4 A recorder  may  be  used  wlth  thls  monltor  to  record  course  devlatlon  over  long  periods 

5 The  monltor  wlll  alarm  whenever  the  omnlrange-course  modulatlon  levels  or  the 

6 The  monitor 1s not  affected  by  low  levels of hum or  rlpple  generated  In  the  monltor  or  by 

7 The  monitor  reacts  to a VOR SlgMl  in  the  same  manner  as  an  airborne  navlgatlon 

8 The  dual  use of m e t e r s  to measure  levels  and  to  provlde  alarm  control when  tolerances 

9 The  simplicity of deslgn,  the  mlnlmum  number of specla1  components,  and  the  ease of 

external  equlpment  such as oscllloscoper.  mlxers.  and  other  equlpments 

of t ime 

transmltter-power output vary  from  the  preset   tolerances 

less   than 10 per  cent  amplltude  modulatlon on the 9 96-kc subcarr ler  

receiver 

are  exceeded  has  proven  to be satlsfactory 

malntenance  are  advantages of much  economic  importance,  In  regard  to  both  orlglnal  cost 
and to malntenance 

ruggedized tubes)  and  operation of components  such as resistors,   capacltors,   and so forth 
at  below-rated  power  Increases  the  reliability of the  monltor 

10 The  use of components  whlch  have  proved  rehable  In  recelver  operatlon  (namely, 

CAA TechmcalDevelopment  Report No 216, August 1954 
'R A Forcler   and C G Lynch,  "Improvements m the  Type  CA-1277 VOR Monitor." 


