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STANDARDIZATION O F  VOR R E C E N E R -  
RECORDER SYSTEM RESPONSE* 

SUMMARY 

T h ~ s   r e p o r t   x e s e n t s  the results of tests conducted at the Technical Development 
Center of the  Clvll  Aeronautlcs  Adrnlnlstratlon to develop  a  method  for  standardlzrng  the VOR 

data 
recelver-recorder  system of fhght  mspection  alrcraft In order to provlde  unlform  rnspectlon 

adjusting  the  damping  factor of the alrcraft  eqrupments.  a  satisfactory  umformlty of fllght 
Inspectlon  recordlngs  can be obtamed 

It IS concluded that wlth  the use of tantalytlc  capacitors and a  standardxzed  method of 

INTRODUCTION 

Alrways IS the  nonunlform data  obtamed  in  dlfferent  alrcraft and wlth  dlfferent  alrcraft  equlp- 
ments with respect to amphtude of course  scalloplng Scalloplng of the course  usually IS due 
to the  effect of wave reflectlons  from  trees.  buldlngs. wires. the earth's  surface, and so 
forth, and appears  as low frequency  fluctuatlons on the  course deviation mdlcator (CDI). 
Most CDI instruments  are  deslgned  with  Internal damping  for  the  purpose of reducing  the CDI 

CDI to reduce  the  fluctuatlons  further 
fluctuations,  and  nearly  all  alrcraft  lnstallatlons have  a "wlggle filter"  connected  across  the 

In CAA fllght  mspectron  alrcraft, I t  1s necessary  that  the  amplitude and frequency of 
the voltage  fluctuatlons at  the output of the  recelver, whlch are  fed  to  the CDI, be recorded 
for evaluation and record  purposes  Thls  usually 1s accompllshed by connectmg  the  input of 

mllllampere  (ma) d-c Esterlme-Angus (EA) recorder  Thls  has  proven to he a  very satls- 
a  mrcrosen  d-c  amphfler  across the CDI termrnals and feeding  the  output to a 2 5 -0 -2  5 

factory method of recordmg the  lnformatlon  deslred,  except  that  the  damping  factor of nearly 
every  lnstallatlon 1s dlfferent  Tests have  shown the  amphtude of the  recorded  course 

damplng  characterlstlcs of the alrcraft lnstallatxon  used In maklng  the  recordings 
scallopmg  may  vary  as  much as 6 1 or   more,  dependmg  on the scalloplng  frequency and the 

impedance  feedlng  the CDI unlt. the capacity of the wlggle fllter, and  the  damping character- 
lstlc of the recorder  It IS known that  the CDI source  Impedance In navlgatron receivers may 
vary  over 2-1. and In one type of recelver,  reactors  are  used to provlde  addltlonal  impedance 
as the  scalloplng  frequency  Increases  The wiggle fllters  are  capacltors.  usually of the 
alumlnum electrolytlc type of the order of 1,250 microfarad (mfd),  and  these  vary In capacrty 
from  their  specified  ratlng as much  as 3-1  Also.  the  capaclty  decreases  greatly  with  decrease 

depends upon the  posltlon of an adpstable counterweight 
In temperature Although the EA recorder IS a  rugged  Instrument,  the  dampmg of the  pen 

develop  a  method of standardlzlng  the VOR receiver-recorder system  response of fllght 
lnspectlon  alrcraft  Thls  report  descrlbes  such  a  procedure 

A  major  problem  In  the  fllght  lnspectlon of VOR and TVOR facllztles  on  the  Federal 

The maln  factors  that  control  the damplng of the recorded  SlgMl  are  the  source 

At the request of the Offlce of Federal  Alrways,  an lnvestxgatlon  was  conducted to 

RECEIVER-RECORDER CHARACTERISTICS 

Measurement of System  Damplng 

recordlng  system  Thls  was  accompllshed by smulatlng  course  scalloplng  voltages In a VOR 
recelver,  the  frequency of whlch  could  be  controlled and then  plotting  the  frequency  versus 
recorder  deflectlon to produce  a receiver-recorder system  damplng  curve 

It  was  necessary flrst to  devlse  a  method for measurlng  dampmg of the  recelver- 

*Reprinted for  general  dlstrlbutlon  from  a  llmlted  dlstrlbution  report  dated  April 1955. 
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and a varlable audzo osclllator The transmxsslon  llne  modulator  uses  three  paralleled 
crystal  dlodes. a self-contained  bras  source, and termznals for applpng a modulatlng  voltage, 
as shown In F l g  1 The  reslstance of the crystal dlodes IS a functlon of the voltage across 
them and thls  reslstance IS varled by the output  voltage of the  varlable  frequency  osclllator 
When the  modulator 1s Inserted In the  transmlsslon  llne  between  the receiver and a VOR 
slgnal  generator.  the  unlt  produces  amphtude  modulatlon by varlatlon of Its series Impedance 
A block  dlagram of the equlpment  employed to measure  the damplng characterlstlcs of a 
receiver-recorder  system 1s shown In F l g  2 The procedure was as follows 

Wlth  the  audlo osclllator  turned off and the VOR receiver tuned  to  the test  generator 
frequency, the sensltlvlty of the  mlcrosen d-c ampllfmr  was  adlusted  to  provlde a recorder 
deflectlon of plus or  mlnus 20 dlvlslons  on the recorder  chart  for a plus or mlnus 10' change 
of the OBS unlt  from  the  on-course  bearmg  Then  wlth  the  varlahle audlo osclllator  turned on 

vlde a beat  frequency  wlth  the VOR 30-cps  slgnal,  not exceedzng 0 02 cps The output control 
and the  cahbrated  frequency  dlal  set to zero,  the  zero-frequency  control  was  adlusted  to  pro- 

mlnns 20 drwslons  for  the  beat  slgnal, whxch 15 nearly  zero  cps  The  response of the recelver- 
of the  osclllator  then  was  adpsted to  provlde a deflectlon on the  recorder  paper of plus o r  

recorder  system  then was  obtalned  from  the recorded  deflectlons  for  frequencles of 0 25, 0 5, 
1 0. 1 5, 2 0, 2 5, and 3 0 cps 

in F l g  3 The recorded  response  for  these  alrcraft  mstallatlons  varled  as  much  as 1 65 1 
at 0 25 cps, 3 4 1 at 1 0 cps, and 18 1 at 2 0 cps  The  capacltors  used  as wlggle frlters Were 
of the alumnmm electrolytic type  purchased  under USAF specrflcatlons, whlch  allow a tolerance 
of 750 to 1,750 mfd for a capacltor  marked 1,250 mfd  These wlggle filters had been  In  use 
approxlmately SIX years,  durlng whlch no fallures or obvlous changes  In  capaclty  were  reported 
The wlggle filter capacltor  values  were  measured as llsted 1n Table I 

The  fluctuatlon of the CDI was sunulated by the use of a transmlsslon  hne  modulator 

The receiver-recorder dampmg  curves  for  the  lnstallatlons  In TDC alrcraf t   are  shown 
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TABLE I 

MEASURED  VALUES OF WIGGLE FILTER  CAPACITORS+ 

Aircraft 

N-181 

N-181 

N-181 

N-182 

N-182 

N-182 

N-183 

N-183 

Recorder 
Posltzon 

1 

2 

3 
1 

2 

3 

1 

2 

Measured  Capacitance 
ln Mlcrofarads 

1770 
1800 

1830 

1510 

1400 

1820 

2820 
2680 

*All  wlggle  fllters  labeled  1,250  mfd. 

Fig. 2 Block Dlagram of Equipment Employed to Measure Damplug Characterintics 
of Receiver-Recorder System 
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Wlggle Filter  Capacitors 

was a maJor component of the  system  requlrlng  lnvestigatron Of several  different methods, 
the  Impedance  method of measurlng  capaclty  was adopted for  these  tests  Flgure 4 1s a 

nected 1n serles  across  a 1-volt  a-c  power  source, and a vacuum  tube  volizneter was  used to 
schematlc of the test  clrcmt  The unknown capacltor and a decade  reslstance box were con- 

measure the  voltage  drop  across  the  capacltor  and  the  reslstor.  The  decade  reslstor  then 
was  adlusted ut11 the  voltage drop across the  capacltor  and  the  reslstor  were  equal The 
value of capaclty ID mfd  was  determlned  from  the  equatlon 

The  results of the prelmlnary  measurements lndlcated  that  the wiggle fllter  capacrtor 

c =  1,000,000 
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where 

C = capacltance  m  mfd 

f = frequency In  cps 

R = resistance In ohms. 

Large  capacitors  were checked  by  comparing the capaclty  values  measured  at 6 0  cps and at 
2 cps  Identical  values of capaclty  were  obtamed at both frequencies.  Also,  capacltors of 
about 200 mid  were  measured by the  unpedance  methodl  and by means of a  capaclty  analyzer. 
Both  methods  gave  results  wblch  were  In  very  close  agreement. 

conslderable  development of tantalytic  capacitors  for  certam  dlrect-current, low-voltage  appli- 
Slnce  the time of installahon of wlggle filters  in TDC alrcraft.  there  has  been 

tory.  Tantalytic  capacltors  offer  greater  capacltance  per Uplt volume  and then  mlnunum 
cahons.  where  alummum  electrolyhr  and  paper  capacltors have  not  proven  entirely  satlsfac- 

shelf  llfe 1s many  hmes  longer than sunllar aluminum  units.  Other  features of tantalytic 
capacitors  are  thelr long  operatlng  llfe due to an  Inherently  more  stable  oxide  film,  the  inert 

protectlon of adjacent  equlpment  m  case of leakage  In addition, the  tantalytic  capacitor  has 
characterlstlcs of the metal  tantalum.  and  the  use of a noncorrosive electrolyte whlch Insures 

vastly  unproved  characterlstlcs  at low temperatures. 

Two capacltors of each type were  subJected to temperature tests. Flgure 5 shows  thelr 
capacity  varlatlon w~th  temperature  The  tantalytlc  capacltors  are  much  more  stable  than  the 

at mmus 40' C.. whereas  the  tantalytlc  condensers  retained  approxunately 85 per  cent of the 
aluminum electrolytlc type.  The capaclty of the  alummum  condensers  was  practically  zero 

capaclty  (measured  at plus 20' C.) at the same  temperature. 

Recorder  Characterlstlcs 

EA  graphic  recorder.  whxh 1s used  in  Federal  Alrways  fllght  inspectlon  aircraft.  Comcldent 
wrth these  tests,  a  Texas  Instrument Company recorder was recelved wlth a request  from  the 

flrght  mspectlon. 
Offlce of Federal  Alrways to evaluate  thls  recorder and determlne Its sutahlllty  for  use In 

pendently  clrcmted,  these  movements  are  capable of recordmg  slrnultaneoualy on a smgle, 
two 2.5-0-2.5 m a  movements.  each  havlng  a  nominal Input reslstance of 365 ohms Inde- 

contmuously  movmg  paper  chart The TI  recorder 1s approxunately  the  same  siee  as  an 
Esterlme-Angus  recorder and  the same  chart  paper  can be used  wlth both recorders  The 
heart  of the  TI recorder 1s a  magnetlc-flud  clutch  meter  movement. Withln each  meter  move- 
ment  are two magnetlc fluxd clutches.  The output shafts of the  mdividual  clutches  are  held 

motor. On the lower end of each output shaft a  torque  cup  extends Into a magnehc fluld. A 
try callbrated  sprrngs as the  clutch bodxes are rotated at constant  speed  by  a 28-volt  d-c 

change In drag  on the torque  cup  results when magnetlc  lmes of force  from  the  signal  colls 

Samples of tantalytlc  and  aluminum  capacitors of 750 and 1,000 mfd were  obtamed 

A ser ies  of tests  was conducted to  determlne  the  capabllltles  and  limltatlons of the 

The  Texas  Instrument (TI) recorder  conslsts of a dual  recordmg  rnllllameter,  provldmg 

capacitor  manual. 
'The unpedance  method 1s descrlbed and recommended  In  a P. R. Mallory Co. 
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Flg.  5 Capaclty  Varlatlon wlth  Change of Temperature 

change  the fluld  vlscoslty. Wlth the rotatxon and polarlty of the two clutches  m  opposltlon, the 
total mechanlcal  effect  produced by each  meter  movement 1s comparable to an electronic 
push-pull  amplifier. 

The  frequency  response and lmearlty of the  EA and TI recorders  were  measured 
when operated  from  the  output of a  mlcrosen d-c ampllfmr. Flgure 6 1s the test  clrcmt  used 
to obtam  the  response  data  shown  In  Flgs. 7 and 8. In these  tests,  data  were  obtalned  on 

Included In Flgs. 7 and 8 are  graphs of the recorder Input level  (mlcrosen d-c ampllfler output 
recorder pen  deflectron versus  frequency, wlth and wlthout  a  1,250-mfd wlggle fllter.  Also 

voltage).  Thls  voltage  was  measured  wlth  a  cathode-ray oscilloscope F r o m  these  figures, 
It 16 seen  that the  Input  Impedance of the EA recorder vanes conslderably wlth frequency 
Flgure 7 also shows that if the  EA  recorder pen 1s held so that It cannot  move,  the  mlcrosen 
output  voltage 1s essentrally  constant.  Flgures 9 and 10 show the  response and lmearlty 
characterlstlcs of the EA and TI recorders,  respectlvely  It wl l l  be  noted that the EA recorder 
has  a  nonlmear  response. An example of the  problem  created by recorder  nonlmearlty IS 
presented  as follows 

Flg.  6 Test  Clrcult  for  Determlnmg  Frequency  Response and Llnearlty 
of Recorders 
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Flg .  8 Texas  Instrument  Recorder Input Level  and Deflectlon  Versus 
Frequency and Capaclty 
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RELaTIVE VOLTS INPUT TO Y l C A O Y N  DC LYPLlrlER 
_- 

Fig. 9 Volts In Versus Deflectron for  Varlous  Frequencles of 
Mlcrosen D-C AmFhfier and EA Recorder 

two sectors of uniform  rhythmlc  course  scallopmg.  The  scallopmg frequency m both of the 
A fllght  inspection  aircraft  asslgned to flight-check  a given VOR radial encountered 

sectors  was 1.5 cps.  however,  the VOR CDI output  voltage  in  the hrst area was 4 unlts. 
whereas  the  output  voltage in the  second area was 8 umts. At the  conclusion of the  flight. 
the  recorded  scalloplng  was  converted to degrees of course  dlsplacement In the two sectors. 
Assvmlng a recorder  senslhvlty of plus or  mlnus 10' equal to 40 small  chart dlvzsrons, by 
reference to Fig.  9 it LS evldent  that  the  frrst  sector of scallopmg (4 units of voltage)  produced 
a recorder  deflectlon of 10 dlvlslons,  equvalent to plus or  minus 2.5' of course  scalloping. 
However, due to recorder  nonlmearlty.  the  second  sector of scalloping ( 8  unlts of voltage) 
produced  a  recorder  deilectlon of 23 dinslons.  equvalent to  plus or minus 5.75' of course 
scallopmg.  The  nonllnearity of the EA recorder in t h ~ s  example  results in the 115 per  cent 
Increase  in  recorded  scallopmg. when  the scalloping  voltage IS doubled.  The same  data 
recorded  on  the  TI  recorder would produce  a 103 per  cent  Increase 1n recorded  scallopmg. 
Figure 11 show6 the nr la t ion  in   response  for  different levels of scallopmg  slgnal when  usrng 
the  EA  recorder 

tested dld  not  produce  the same  results.  The  dlfference zn results was due to differences 
~n pen pressure on the chart.  The  effect of pen  element  balance on recorder  response then 
was  investigated. 

on one  end  and  a palr of adpstable  balance  weights on the  other  end.  The  pen  element 1s 
supported  by knife edges  seated in the slots of a meter  movement  fork.  The  pen  element IS 
supported below its center of granty.  therefore. the  pen  does not operate In  the  balanced 

properly. 
state In order that the penpornt can  write on the chart,  the  balance  welghts  must be adlusted 

Measurements of the  damplng  characterlstlcs of several  identical EA recorders 

The EA recorder pen element IS approamately 6 inches long wlth  a  glass  peupolnt 
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Fig. 10 Volts m Versus  Deflectlon  For  Varrous Frequencies of 
Mlcrosen D-C Ampllfler and TI  Recorder 

The  need  for  standardnabon of penpornt pressure on the recorder  chart 1s clear, by 
reference to the  dampmg curves. Flg. 12, whlch were  plotted  wlth  the  balance  welghts  ad~usted 
to  provlde  mlnunum and maximum penpoint pressures.  Another test ,  the results of whlch also 
a re  shown m Flg.  12,  showed  that the recorder  response  at 1 cps  wlth  the  pen  welght  at 
maurnum and uslng a 1,340-mfd  wlggle fllter was  the same  as when  the  pen  welght  was adpsted 
at  mlnlmum, but usmg a 1,973-mfd  wlggle fllter. At 1 cps, the ad~ustrnent of the  pen  weight 
balance  had  an  equvalent  effect of an  addltlonal 633 mfd.  The  shape of the  response  curve  as 
a whole, however,  shows  that a change  In wlggle filter  capacity alone wr l l  not  compensate  for 
the  dlfference In pen  welghts.  It  became  necessary,  therefore. to d e n s e  a method of measurlng 
penpomt pressure. 

1s shown 1n F l g  13 This  measurlng  devlce  consrsts of a piece of 0 003-mch spring  steel 
7 inches by 3/32-mch  anchored  at one end to a rotatable  vernler-drlven  shaft  mounted  at  the 
edge of the  recorder case  The  unlt 1s operated  by  placlng the recorder penpolnt at one end of 
the steel  sprlng and applpng a torsional force on the vernler end  untll  the  pen IS ralsed off 
the  recorder  paper The  penpornt pressure then 1s read  from a graduated  scale en the  vernler 
drlve unlt.  The vernler  drlve  scale was callbrated  agalnst a laboratory  balance.  Flgure 14 

provlde 0 09-gram of penpant pressure 
shows  the response curves of s1x dlfferent  recorder  pens,  each of w h c h  had been  adJusted to 

It  was deslred to detemrne i f  It would be posslble to obtam  equal  penpomt pressures 
on all EA pens by adoptlng a standard  method of settlng  the  balance  welghts  to a predetermined 
pcsltion The two balance  welghts are  screwed on the  threaded  end of the pen  element Flrst. 
the  balance  welghts  were  screwed to the hmlt  of travel  toward  the h r f e  edge  support, and the 
penpomt pressure  was  measured.  The  balance  welghts  then  were  moved  five  complete  turns 
1n the  dlrectlon away from  the  knlfe  edge, and agaln  the  penpolnt pressure was  measured. 
Thls  procedure  was  repeated  for  each  flve turns of the  balance  welghts  untd  the  penpolnt 

A laboratory  workmg  model of the  pen pressure  measurlng  devlce developed at  TDC 
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Fig.  11 Varratron In Response for Different  Levels of Slgnal 

pressure  was  reduced to zero A plot of the  pen  welght  versus  the  number of turns of the 
balance  welghts zs shown  in Flg 15 for two pens.  These two curves  represent  the  extremes 
of 15 pens  tested  They  showed  that  the  method  descrlbed IS not sahsfactory  for obtalnlng 
standard pen pressures, and that a pressure  measurmg  devlce  must be employed 

the lower the pen pressure,  the  better the response  characterlstlcs of the  recorder. However, 
In alrborne  usage, rough alr  condztrons result m the  bounclng actlon of a  llghtly  welghted pen. 
Tests  were conducted  wlth  varlous  penpolnt pressures whlle the recorder  was  sublected to 

on  the recordmg  paper when  lnklng IS satrsfactory 
sxmulated  rough a n  vlbratlon.  It  was  determlned  from  these  tests  that  a  pressure of 0.09-gram 

pens of both recorders  were  adpsted  carefully to zero. and  the chart  drrve  mechanlsms  were 

the  TI  recorder  aero-slgnal  stablllty 1s not satlsfactory for use In fllght  mspectlon.  In 
allowed to operate  for  three  hours wlth no input  to  the  meter  movement A s  shown In Flg. 16, 

actual  usage.  thls  mstablllty could  be Interpreted  as plus or  mmus 1.25' of VOR course  error. 

CDI Damping. 

of the  course  devlatlon  lndzcators (ID-48 and ID-249) and the recorders  Flgure 17 shows the 
response  curves of two CDI mstruments and two recorders It  1s evldent  that  conslderable 
dzfference  exzsts  between  the amplitude of a  glven wlggle as  observed by the  pllot on a CDI 
Instrument, and that  recorded on the  chart. 

It  also was necessary to select  a  standard penpomt pressure As prevlously shown, 

It  was  deslred to determme the zero  stablhty of the  recorders  wlth  zero Input The 

Tests  were conducted  to determme the relatlonsbp between  the  dampmg characterlstlcs 
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adpsted  for a  course  sensltlvity of plus or mmus 10' equal to 40 chart dlvlslons.  records 
The slgruficance of Flg.  17 can be explamed  best by an  example. An EA recorder, 

a 1-cps  course wlggle 12.5 chart  dlvlslons  The  amplltude of the  course  dlsplacement due to 
thls wlggle is computed to be  plus or mlnus 3 12". Now If the  amplztude of thls s a m e  wlggle 
IS computed  by  usmg  the CDI (ID-48),  an  enttlrely drfferent  result 1s obtamed. If the CDI 
scale 1s graduated ~n 40 dlvlslons  and adpsted to the same  sensltlvlty  as the recorder, the 
same  1-cps wlggle w ~ t h  amplltude  unchanged would deflect  the CDI plus or mlnus 2.37 dlvlrlons. 
Thrs  deflectlon  represents  plus or  mmus 1 80' course dzsplacernent to the  pllot, In contrast 
to the  plus or minus 3 12' measured on the recording By  exammatxon of the CDI and recorder 
response  curves. shown 1n F l g  17, It can be seen that  for wlggles of varylng  frequency,  there 
1s no "factor"that  can be applled to convert  recorded  data to CDI data  It also can be seen  that 
the amplitudes of wlggles as computed  by the fllght  test  englneer  from  recorded  data always 
wl l l  be m  excess of those observed by the prlot  on  the CDI. 

RC Fllter  Frequency  Response. 

fxlter, wbose frequency  response 1s affected  by the source Impedance.  the  fzlter capacltor, and 
the  load  Impedance.  Whle  the  load  mpedance 1s standardlsed at 33 ohms (3 instrument load), 

varlatlons  are  caused by the varlable  resrstors  used to adjust  the CDI sensxtlvlty  m both  the 
and  the  capacrtor 1s standardleed at 1,250 mfd,  the  source  Impedance  remams  varlable  These 

Collms and Bendlx VOR recelve'rs. 

Rapld VOR course  devlatlons  are highly dampqd by a  slmple  reslstance-capacltance (RC) 
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Flg.  17 Deflectlon  Amphtude  Versus  Frequency of Recorders, 
CDI's  and CRO 

capacitors and source  Impedances  are shown 1n Flg. 18. The test  clrcult 1s shown In Flg. 19. 
The  signal  generator  used  was  a  Hewlett  Packard  Type 202A wlth the  output  level  held  constant 
durlng  the  testmg  period.  Filter output was measured wlth a DuMont 304H oscllloscope, 
whlch was  operated  wlth  the Y arnphfier  swltches In the  d-c  posltlon 

Flgs. 20 and 21. It can be seen  that  the change  In  dampmg  between rnlnmum and maxmum 
sensltlvrty  controls  set  at  mlnnnum and maxlmum  reslstance  These  curves  are shown  In 

settlngs of the course  sensitrvlty  controls IS not large enomgh to be of maJor  importance In the 
solutlon of the  recerver-recorder  standardlsatlon  problem. 

Calculated and measured  frequency  response  curves of RC filters  for  vanous 

Damplng curves of CoIlms and Bendlx VOR receivers were  plotted  wlth  the  course 

MISCELLANEOUS OBSERVATIONS 

1. The zero-slgnal lnstablhty of the TI recorder  rules  out  Its  use  for  fllght  mspectlon. 
However,  thls  recorder  possesses  a  number of excellent  features  that should  be  noted  and, 
If possible, Incorporated In any future  recorder to be considered for VOR flzght test work. 

a  Chart  speeds  are changed by turnmg  a  chart  speed  selectar knob. The true  value of 

personnel who have  had  to  spend much  tlme on thexr hands and b e e s  searchlng  for 
a  gearshxft-type  chart  speed-changmg  system w111 be appreclated by fllght tes t  

gears  dropped  durrng a rough alr  gear-chauge  operatlon. 
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of Collins 51R3 Recelver 

b. The Ink reservoirs of the  TI  recorder  are so deslgned  that  evaporation 1s practrcally 

~ n k  whlch has  been m the  reservolr SIX months.  Thls IS 1n contrast  to  the EA open 
ehmmated.  The I& trace of a TI  recorder  drles  as  rapidly wlth fresh r k  as wlth 

whxh the trace  drys  very slowly 
reservoir where most of the  volatlle  hqmd m the ~ n k  evaporates In a week,  after 

IS more effective than  the  use of dual charts. 

manufacturer regarding the  posslble  Improvement of the  zero-signal  stabrhty.  The 
manufacturer  stated  that ". . . thls d r l f t  1s a characterlstlc of the temperature 
curve  for  the  magnetrc f l u d  clutch  and  cannot be completely  elrmmated.  Thls 1s 
the  baslc  characterlstlc whlch llmits  the  over-all  accuracy of plus o r   m l u s  5 
per cent." 

C. The  dual-pen, smgle-chart  system  provldes a dual InformatLon presentation whlch 

d. In vlew of the  many  excellent  features of the TI  recorder, an  Inquzry was  made to the 

2. The  effects of a full or partially f u l l  Inkwell,  uslng erther  fresh 1nk o r  Ink that had  been 

3.  The Bendlx VOR recexver  Incorporates  an  mductlve-type  fllter  In the CDI output clrcuit. 
exposed to evaporatlon  for a month,  were negllgrble on the  response of an EA recorder. 

It  was found that the fllter  has  pracbcally no effect below a frequency of 1 cps. but that r t  

the  course  sensltzvrtres  before and after  the  short  crrcult were  compared.  The  course sens1- 
does  Improve  the  effrclency of the  wathneter  cmcult In  one test,  thls  fllter  was  shorted and 

tlvlty  was  much  greater wzth the  fllter In  the circult. An mstallatlon  uslng a Bendlx recelver 
w ~ l l  requlre a different response  curve  than an mstallatlon  usmg a Colllns  recelver. 
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Each EA recorder pen  was  adjusted  to 0.09 plus or mmus 0.01-gram pressure, and wlggle 
filter  condensers were adjusted  to  ldentlcal  values of capacity. All dmpmg  curves  were In 
close  agreement with one exceptlon,  thls  partlcular  recelver-recorder damplng curve was 
entlrely  dlfferent  from  all  the  others. On closer  exammatlon. It was  dlscovered  that  the 
three-meter  load In  thls  Installabon  consxsted of two course  devlatlon  lndlcators and the 

ante was 800 ohms (d-c).  but  Increased  rapidly wlth frequency  untll  the  effective  load  rmped- 
1,000-ohm Input  Impedance of a Bendlx autopllot, whlch  was  hlghly lnductrve.  The Input Imped- 

ance more than  doubled  The  standardlzatzon of recezver-recorder  response w l l l  requme 

In 1x11 of t b s  t y p e  of autopllot  clrcult, or the use of a  dlfferent  response  curve. 
specla1  attention m such cases, and will requre  e i ther  the  substltutxon of a 1,000-ohm reslstnr 

the  hmlts of the  d-c amphher,   rrn~rovement In response  curve could not be obtamed by the 
addltlon of series OF paral le l   resu tances to the recorder. 

deflect  from the zero  centerlme of the recording  paper one to two dlvlslons when  the recorder 
was  tllted 30" elther to the left o r  right The  deflectron  was less than 0.1 dlvrsronwhen  the 

observed  that the  amphtude of deflectmn would decrease  as  much  as 50 per  cent when  the 
recorder  was  tllted 30" elther  forward or backward. When recording a  1-cps  slgnal. r t  was 

recorder  was  tllted 30" ln any dlrectlon  Thls  characterrstlc of the EA recorder  must be 
taken Into account when analyzlng  recordmgs One fhght  test In partlcular, whrch 1s affected 
by thls  characterlstlc, IS the plus o r  mmus 30" wlng rock  polarlzatlon  test. This test  should 
be performed twrce. once w ~ t h  no slgnal. and a  second  tlme wlth VOR slgnal.  The  drfference 
between  the two tests wvlll represent  a  more realistic value of polarlsatron  error. 

4 The  damplng curves of all receiver-recorder mstallatxons  In TDC alrcraft  were plotted 

5. The crltlcal  damp~ng of the EA recorder was Investigated, and It was found that wrthm 

6.  It was observed  that, when recording an  on-course  slgnal.  the EA recorder pen would 



characterlstlcs, It IS belmved  that  the  use of low-tolerance 1.250-mfd tantalytlc  fllter 
capacltors In the CDI clrcult w i l l  provlde  acceptable  standardlzatlon  for  gltde  path  recordlngs 

8 In mew of the  wtde experience already  ohtamed m fllght  testmg VOR's  wtth various 
a r c r a f t  mstallatlons  havmg fllter condensers whmh vary between 1,400 and 2,800 mfd I t  1s 

operatton 
recommended  that a value of 2,500 mfd be selected for VOR operatLon and 1,250  mfd  for ILS 

7 Although no tests  were  conducted  to  determlne gllde  path receiver-recorder damplng 

STANDARDIZATION PROCEDURE 

Standardmatlon of recelver-recorder  system  response may be  accompltshed 
sattsfactorlly by adoptlon of the followmg procedure 

capacttors  connected ~n parallel Only one 1,250-mfd  condenser  should be used  for ILS 
operatLon The  capaclty  tolerance  should he held  to 1,250 mfd  plus or mlnus 50 mfd 

1 For VOR operatlon,  the  wlggle  filter  should  conslst of two  1,250-mfd  tantalytlc 
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of 0.09 plus or  mmus 0.005-gram  when  mkmg.  Thls w ~ l l  require  the  use of a penpolnt pressure 
gauge slmllar to the type descnbed 1n thls  report. 

line  modulator  usmg  the  procedure  descrrbed In detall  In  this  report.  From  these  cahbratlon 
data. a damplng  curve  may be drawn.  The system  should be recaltbrated  perlodlcally,  and 
whenever  any  equlpment  changes a re  made 

2 The EA recorder pen balance  welghts  should be adpsted  to  provlde a penpolnt pressure 

3 .  The receiver-recorder system  should be callbrated wlth a VOR slgnal and transmlsslon 

Thls  standardlzatlon  procedure w a s  apphed to the SIX receiver-recorder systems m 
TDC arrcraft.  The damprng curves  are shown In Flg. 22. The small  dxfferences  between these 
damplng curves  represent a large improvement In standardmatron when compared wrth Flg.  3, 
whlch  shows the damplng curves  pnor  to standarduatlon. 

filter capacltnr  In  the form of a decade box was  used to a d p s t  the recorder  deflectton tm a 
standard value  at a glven  frequency.  Frgure 23 represents the  damplng  curyes of the SIX 

A further  reflnement of the  standardrzatlon  procedure  was  tested. A varlable wlggle 
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TDC recelver-recorder  systems when the varlable wlggle fllter  was  adlusted to provlde  12- 
dlnsion  deflectlon  at  1  cps.  The dampmg curves In Flg. 23 are  superlor to those  in Flg. 22, 
but the  mprovement IS not  sufflclent to warrant  the  purchase of wlggle fllter  decade  boxes 

CONCLUSIONS 

I 

unlformlty of data  obtalned  In  fhght  mspectlon of ILS and VOR statlons.  The  standardleatlon 
A standardlzatlon  procedure  has  been developed that w ~ l l  greatly  Improve the 

procedure  mcludes 

1. Installation of two low-tolerance 1,250-mfd tantalytic  capacltors  whlch  are  connected 

2. Adlustment of the EA recorder penpolnt pressure to 0.09 plus or  mmus 0 005-gram. 
3. Gallbration of the  receiver-recorder  system. 

to provide 2,500 mfd  for VOR operahon and 1.250 mfd  for LLS operation. 

The  testmg of the v a r l o u   e q u l p e n t  components and clrcults which  contrrbute to the 
over-all  response of the  recelver-recorder  system  revealed among other  things  that  the EA 
recorder now m use IP fllght  inspectlon is not  rdeally  sruted for  the  purpose for whlch it IS 
used.  However, It 1s rugged and rehable, and no sultable  replacement IS presently  avallable. 


