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F m x  

This report  describes %he evaluatmn of the Loren& very  high  frequency 
omnfrmge  antenna  manufactured Q C, &tiengeeellschaaf9  Stuttgart, Germany.  The 
evalmatlon  lncluded ground and flight measurements of  the bear-  accuracy, polar i -  
zation  errorI cone characterls-hcs, and distance  range. 

Measurements were conducted at 111.8, ll5.7, and ll7.7 megacycles. The 
bear- errors  vere  plus or  d n u s  0.85O at  t5e lower  frequency and plus or minus 

bration procedure.  PoPteble  polariseape measurements mndicated maxMum polari-  
Oo700 at the  two higher frequencies as deterrained  by tne  conventional ground c a l i -  

zat ion  errors  of plus or minus 2 ~ 5" at 111.8 megacycles, plus   or  minus 1 .ao at 
115.7 megacycles, a PUB or  minus 1.4' a t  117.7 megacycles. 

F l igh t   t e s t s  showed that the  TO-FROM indication bad ambiguities through 
a cone width of approximately 40° (cone elevation &e of TOo). Recordings of 
the  course  deviation  indiea%or cuppent Lndicated a eone width of bo, which is 
considered good. The distance  range TOT 5 m @ ~ o v o l t s  at  t&e  receiver  input was 

Lorena antenna r d a t i o n   e f f i c i e n c y  is Less than fAat of the  four-loop antem. 
49 miles conspared t o  55 rmles for  the fup-1oop mwauge ,   ind ica t ing  that the 

IEITRODWCEQN 

the result of flirther work on the  pfL-21A VOR spinning entenna by C. Lorenz 
Aktlengesellschaft, S t u t t g m ,  Gemany. The  FTL-2l.A VOR spinuing  antenna was de- 
veloped by the  Federal  Telecommieations  Laboratories, h e .  Two models of t he  
FTL VOR antenna have  been evaluated at  this Center; BB exper-ental model1 i n  
1950, end the improved d e l  FTL-21A2 in 1954- B e  evaluation of the  Lorenz VOR 
antenna was conducted in   t he  faU of 1957 at the  CAA Techuical Development Center 
(TJX), Indianapolis, Indiana. 

The Lorenz very hl& frequency m i r a n g e  (VOR) c q e  antenna system i s  

The Loren2 VQR system 1s bo be instal led in European countries  under  the 
supervision of personnel o f  t he  CAA Office  of  International  Cooperation. I n  order 
to   ob tam  opera t loca l  data supplementary t o  thax  avaalable from the  limited tes t ing  
f a c i l i t i e s  of the  manufacturer, TDC: was requested to evaluate  the Lorenz antelma. 

These measurements included  man^ of those now used by the  C U  i n  establish*, flight 
Perfomance data were obtained by measurements on the  ground and m flight. 

a. 
Thomas S o  Wonnell, "Evaluation  of  Federal TeleeoBrmunlcations Laboratories 

Oninirange Antenna," CAA Technical Development Report No. 111, May 1950. 

2 
Samuel E. Taggap%, TImmas S. WomelP, and Walter M. mer, "Evaluation 

of the  FTL-2lA VOR Splmllzg Antemar'5 CAA Technical Development Report No. 262, 
F e b m  1955. 
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cheeklug, aml mamntainlr& e m s s l c a e d  VOR I m l l i t i e s  on the  Federal Airways. 

D E S C R r n I O N  

The Lorenz VQR ate&d;a 1s shown i6 Figs- 1 and 2. It consists of an 
upper cage assembly and a 1mer cage assembly. The lover cage contains an -1- 
direetlonal antenna and a rotatmg  dlpole antenna. e a r n e r  energy, radiated by 
the  omndarectacna~  atenma, 3s amplltude-mcddated by a 9,960-cycles-per-second 
(cps)  subcaprier which, m t-m, 1s frequency-naodulated at 30 cps. The carrier 

the dJpole an tem &alc$ rotates at 30 revolutmss  per second ( r p s ) .  The lower 
is ampll%ude-modulated i o  space 3y the figme-of-eight f ield  pattern produced by 

cage of vertzcal rods serves to lmprisve the hpedance match ketveen the antennas 
and free space and t o  reduce the radlaziac of vertically  polarized energy, The 
pupafie of t he  upper cage 15 t o  m u l M z e  errors caused by the vertically  polarized 
r a h a t f o n  from the lower cage. 

yoo sectors redial slots as shorn IL Fig, 3. men ~ e a e  four slots  are  excited 
in  phase ami w ~ t h  equal  voltages, a eirculaz radfatlon  pattern 1s obtamed similar 
t o  that QK a harlzontaUy positioned loeg antenna nth a c l r cde rence  smaU 
compared t o  tke  wavelerdh. 

The ormaldfsectional sadfatar 1s a metal plate  divlded  into four equal 

coaxial l ines run from the top  cexter of the lower cage structure downward along 
the cage axis to t he  center QI kBe omidirectfoonal  Padfator. From this  point each 
of the rigid  coaxial  lmes m s  radially d o n g  a slot to tRe  edge of the  disc where 
the  outer sonductor 1s connected ta the Beax side of the  slot;  the  inner conductor 
cr0sses  the d o %  and termnates LC an ad~ustable  capacitive  section of r lgid co- 
axial l ine  &fch rms a l ~ ~  the  opposite edge 0f emb ~10%. The rigid coexial 
llnes can be seen m Fig. 3. m e  serfes resonant clrcuit, composed of the ad- 
justable  capaeitlve  reactance ard the fnductlve  reactance of each feeder, I s  
brldged  across each slot t o  produpe a v~r'bual ehork circuit  across the  slot  as 

matching of the omnidireetmrd radiator tc the & - o b  characteristic impedance 
viewed  from the splrualcg b p s l e ,  A two-sectmn  tunable pi-network permits 

of the feed  cable. Tbe pi-mrswork far she ea rne r  feed l l n e  1s located on the 
under slde of tbe  antema  as shorn in Pig, L. 

Em& 0f the ~ Q W  sl&s is fed by a rigid coaxial  line. The four 

The rotating elemelat is a folded  dipole &I& is short compared with 
the wavelength. It i s  fed by a coaxla1 l ine thro@ one-balf of the  dipole. The 
other  half 1s equipped with a &q cable  whch has m electracal function, but i s  
used for leecibnlcal  balancizg.. 'M-e  d;po,le 1s seemed and locked to   the shaft of a 
symchonaus m t o x .  'Gbe tone ?&eel m d  tlae p i e k q  are  mmted  at   the top beming 
brmket of the B;oboso The coaxial Ime of the dipole runs tkrough a bore along 
the umtor shaft. and though tire bear- shafi to a sotatmg ccuplmng fixed to   the  
l0wer beanlag bracket. I n  eerie5 n t h  this l lne  is a single  pl-section for 
mat- the  alpole to the 60-0h feed  cable. me pf-section and connecting re- 
ceptacle  are  located on t h ~  under stae of the mtenaa as shown in  Fig. 4. The 
dipole, tone wheel, and m t o r  are  protected by a plast lc  cover and are integrated 
fnta a smgle irtser"l a l e h  1s llluatrated ID. Figs. 2 and 4. me  inser t  i s  mounted 
in  Zhe antenna s.trpictur-e fpm below ami fastened by means of wing nuts. 
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are cabtamed tho~&wut the 360" aronna a rmge  station. These differences  are 
plotted  as a measbered error C W M ~ ~  Fl~&&ts were made ~n a counterclockwise di-  
r e c t ~ ~ ~  at a 6-leile radius a t  m sltff,ude of 1,000 feet. The measured error curves 
are shorn 3n Fig. l2 

Dutaoce Range 

for the eraluatian.  A t  115.9 Me3 tke dlstaruee checks were made using both the 
%e distance rmge was measured a t  each of the  three frequencies  selected 

Lorenz and few-loop an%ermas w i t b s  the same two-how period, i n  order t o  obtain a 
direct comparison of +he respeetzve ranges fwr equal m e r  applied to   the antennas 
under observation. Two deflnxtions of distance range were used in these 
measwements 

In one ketbaod cf measwemenzS the  dlstanee range is  defined as the 

becomes double the cowse d d t h  measured a t  10 miles. In the second method of 
dfs3aaaee in stazute Mles  from the s t a t ion  a t  wheh the course width in degrees 

measurementt., %he distance range f e  deffaed  as the alstmaee m statute  miles from 
the 6%-ataon a t  which the free-space attenwticn of the signal has reduced the 
field. strength t o  a ralue swh that five IBlecrwvolts i~ applied to   the input 
terminals of the  receiver, 

than fop the Lorenz antenna, 62-2  compared t o  59.9 miles fo r  double course width, 

ankelana is a more efficient  radiatcr  SA^ the Lorenz antenna, The distance range 
for %Re Lorem antenna on the m3er frequencies as iisted ln  Table I. 

PolarLzataon Errars. 

polarization  error were ei@cqed. E w b  of the followtug t e s t s  was conducted on 
In flight-cheekmg t h ~  Iwrenz VQR antenna, four methods of measuring 

a radial near zero  azbmth and a t  an a l r , ~  tude of 1,000 feet. The polarization 
errors measwed are b e l u t e d  fa Table I. 

The distance range 511 115.7 Mc was greater for the four-loop  antenna 

ared to 49 mA8"iles fez- 5 ~5iemvoMs, indfeathg  that   the four-loop 

aria WJS 30". The nme ef tke aircraft  is held at a cons t a t  heading during this 
30" W i n g  Rock. Beadmg Zowdpd Ute station,  the  aircrafi is banked plus 

w e a v e r .  Tke c c ~ e e - d e ~ a t ~ o ~ ~ ~ a i c a ~ ~ ~  (CDI) current is recorded and converted 
to degrees of cowee displacementt.. 

recorded, the aircraft  is f lom on ei&% different  headiqs (card ina l  and semi- 
Ways k e y  a Gzamd Cbeckpoine: While the CDI current i s  being 

ce.rd%?ml) over a speeifw g r w d  &eck&otnto !The recopdbgs  are marked as  the 

m e t b e  b e ~ p k g .  TBae zero reference p o h t  is taken on the heading to   the  
airplane erossea the ekckporn$, aznd %be inbeated bear- is compared w i t h  the 

station* 

Circle: Wath the air-plaa;e headed toward the  station and the   tes ts  
started Smm a groLmnd eheckpmnt, a cizcle is flown a t  a constant 30' bank. 
The GDI cwrect I s  reemarcled &mng t.has c i rcular  flight and converted into 
degrees of error from ?he a z W ~ t &  course which waa flowa a t  the  begmning of 
the  circle. S h c e  the air-rafi  changes azimuth m%%n respect t o  the VOR, t h i s  
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deviation 1s computed Ln degrees and subtracted fr~ln the  course-deviation-indicated 
error.  Subtraction of the ~ Q W E  devfation  results in the numerical value of 
polarization  error. 

Airborne Polariscope: Folarizatlon  errors were  measured on flight check 
with a n  ai’rborne polapuxope. The airborne  polariscope  utilizes a crossed  dipole 
antema mounted on the nose of the aircraft. A 25-rpm motor drives a phase sweep 

txcally horxzontally polarized components of the VOR signals. The output of 
in c o q w t i o n  V%i& r-f bridges t o  vary contfnllously the  relative phase of the  ver- 

the  polmiscope i s  conneezed t o  the  navigation  receiver m d  131 recorder equipment. 

tvde of wkch 1s proportional t o  the  ra t io  of vertically  to  horizontally  polarized 
m e  recorded  course fpm the KOE then has a “scalloping“ of 0.42 cps, the ampli- 

radfatlon iYm the TOR. The recording 1s made onoinbomd radial flfghts. It w i l l  
i d e a t e  error  attitxde  effect  equivalent t o  a 45 w i n g  rock with the optimum 
relative r-f phase for greatem errcw0 Tne polarization  errors determined by 
flight check are included i n  Table Io 

Cone  Measurements 

CDI and the To-FROM fndlcator of the Collins 51R-3 receiver for the purpose of 
measuring erne wldth. 

R a d S a l  flights were &e amms the VOR, recording  the  currents of the 

I n  order t o  determine the vldth sf %he cone from a recording of the 
G D I  current, a deflnition of the cone mst be stated so that the boundaries of 

ated  recording equpment calibrated %Q a given recorder  dedation  equal  to a 
the cone may be positioned on the recording,. Wlth the VOR receiver and associ- 

given number of degrees of VOR coarse  dlsplaeeaent, a flight track is flown 
dlrectly over the VOR. When %he CEI deviates more than 2O, and t h i s  deviation, 
as observed on the  recordiag, I s  d.te to the normal coarse disturbances encountered 
above a TOR, t&e cone 1 s  consideled to begir.. In a similar roamer, the cone  ends 
az  the 2 O  deflection ~ o h t  as ehe stratrat-line  comse  indication i s   r e s u e d  on 
the  other  side of the cone” %en measuring a cone in t h i s  manner, the  results 
are referred t o  as a 621 cane asmemenC,. A typical recordjng of a CDI  cone 
measwement 1s reproduced in Fig. 13. 

width except that the eoce is deftned as beginning *en the  indication becomes 
The TO-FROM cone width 1s defmed in the same manner as the CDI cone 

erroneous and ending when tke  correct  jndication 15 resumed. A recording of the 
TOo-FRON Lndicator current IL‘ regrcduced in Fig, 14. 

TOR to obtain  data for plotting t3e vertical plane field  pattern of the antenna. 
!&e  eqanlpment used for these aaeaaxeme&a is tzae  same as a t  used i n  ground 

F L ~ .  15. 
equipments of fkeld  strength. The ver%lcal  plane  fleld  pattern 1s plotted  in 

Field-s t remh measurements  were &e during radial flights over the 

m 0 m - m  TEsTj 
Additlonal t es t s  were eonawted with the b r e m  VOR antenna  munted at 

gT@& level to s-ate a muztab-top  mstallatlen.  ‘Pbe purpose of the  tes ts  



a 
was t o  detemze  the diameter sf the metalllc  comzerpoise  required  for rmllu~um 
polarizataon  error. Since L% m e  rseeessary t o  have access to   the under side of 
the a n t e m ,  xt vas m u t e d  at appmxmately ground Level on a wooded platform 
over a p i t  8 feet wide, I@ feet lung, arJd 5 1/2 feet  deep. 

The outside edge af the  comterporse was 8 inches below the base of the antenna. 
The counterpoise was 36 feet 1 ~ 1  diameter and constructed of -re mesh. 

Polarizatxon  errors Were masused  for  the  counterpoise  dlmeters of 36 feet, and 
wxth only a 40-1neh antenna  base plate" T$e 13-foot-dimeter  counterpoise was 
~ u s t  large enough to cover tide p i t  eomgletely and prevent  discontinuities. A 
diseol;tlnuity was lntrodmed drariag  measurements mth the 36-foot-diameter counter- 
poise by remaving t h e  cover from a 2-foot-squ~.t-e acress b t c h  9 feet from the 
center of t h e   a m e m .  Fcr ea& curditmas, polarfzahon errors were  measured 
a t   i n t e n d s  of 4 5 O  at a r a ~ i ~ s  o r  300 feet from the VOR throughout 360' of an- 
muth. The measurlng eqmpmec?  was the same as  that  described  previously. The 
results of the measwements are plotted rn Fig. 16. C m e  A in  Fig. 16 was used 
fo I l lustrate   the  ermr nth eicaer the 12- or 36-foot-dzmeter  counterpoise, 
since  the  errors were  esser;t,xallgP t3e same a t  all but one azlmutb. 

For tes ta  with a 9-foot-daenet.er  emntelpolse, au earth f l l l  was made 
t o  form a con%Slrauous surface from m e  base of the antenna t o  a radius of approx- 
imately 10 feet .  T$& wcsoden plat;fom over the p i t  was covered t o  a depth of 4 

with the  swface. The polariaat;on emor for thus eondftion 1s shown by curve B 
inches by the  earth f i l l  and the  amema and comterpox.e were  mounted flush 

of Fig. 16. 

The pestllts of these  tests  indicate  that  the diemeter of the metal 
comterpoise should be c o t  Less tkm approxitwzely 13  feet. A comparison of 

e polarization  error c m e s  &tamed wath the  counterpoise 9 and 13 feet in 
diameter shows an increase in emor with a comterpolse  diameter  less  than 13 

Fxg. 16. Thls e w e  demonstrates the  effect of a hscontinuity  in tHe 
fee t .   me  importance of a wnlfXnm comtel-polse 1s xllustrated by curve C, 

comterpoise, 6 ~ 6 h  as an open m o l e ,  near  the antenna. 

C~NCL~SSIOMS 

The Lorenz VQR antenna features  excellent worhumslup resulting in a 

mtching of the transmisszoa l ines ta the antennas. 
system relatrvely easy t o  .%nst,aEl ond adJust. Pi-network sections simplie the 

t.he bearing accwacy whxh  otherwise woad be possible with th i s  type of antenna. 
Goupling  between t a e   c a n i e r  disc and r a t a t q  dipole  antennas limits 

The pOlarizaticm emox prcbably eadd  be redwed by adding more a h o r t l n g  
discs t o  the upper cage, as was demonstrated d-mfng the  evaluation of the FTL-2lA 
YOR antenna a t  this GC&W i& 195'r. 

me  radlation  effaetency of t 2 e  Eorenz VOR m t e m  i s  somewhat below 
that of tbe  fom-hop VOR antema. 
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TAB- r 
EVAL;ATION D M A  OF THE LoREElZ ANTEWNA 

I. Flight Tests. 1n .8  Mc 

Theodolite Calibration 
A. Six-mile 1,000-Foot Orbit - t1.9' 

Distance R a n g e  at 1,000-Foot Altitude 
A. Lorenz Double Course 

B. Lorenz Distance for 

C .  Four-Loop Double Course 

D. Four-Loop Distance for 

Width Distance 63.2 mi. 
5 uv t o  Receiver 51.4 d. 

Width Distance 

5 uv t o  Receiver 

Polarfzatxon E r r g p  
A. 30° W i n g  Rock 
B. Circle  Test 
C . Polarlacope 
D. E i g h t  Ways Over a Point 

Cone Angle 
A. TO-FROM Indication 
B. CDI  Indication 

11. Ground Tests. 

Ground Calibratlon 
A. A t  Receiver  Laboratory 
B. At Counterpoise Edge 
C. A t  200 Feet 

44O 
38' 

Polarization  Error 
A. Portable  PolariseQpe - e2.20 

Relative Field  Strength 
A. Lorenz Relatlve  Field 8% 400 Feet 19.25 w 
Bo Four-Loop Relative  Fleld at  400 Feet 

Space Modulation - Meximum Variation 
with Azhuth 
A. A t  Receiver  Laboratory - *2 -o$ 

59.9 mi. 59.Q mi. 
49.0 mi. 48.0 d. 

62.2 mi. 

55.0 mi. 

4oo 44' 
4oo 400 

- t1.8' - tl.4' 

12.3 w 12.0 m 
16.5 mv 



Dipole  Decoqling 
A. Rectified  Voltage  at  Dipole 

Input for 200 Watts Applied 
t o  Carrier 

Voltage  Standing Wave Ratios 
A. Dipole Feed Line 
B. Carrler Feed Line 

1.9 v 1.5 v 1.5 v 

1.1/1 
1.07/1 



FIG. 1 THE LORENZ VOR ANTENNA 



FIG. 2 THE LORENZ VOR ANTENNA WITH FIBERGLAS COVERS  REMOVED 



FIG. 3 CLOSE-UP OF LORENZ VOR CARRIER ANTENNA  AND RIGID COAXIAL LINE 
FEED  SYSTEM 



FIG. 4 UNDER SIDE OF LORENZ  VOR  ANTENNA 
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FIG. 5 GROUND CALIBRATIONS OF LORENZ VOR ANTENNA, 
VOR MONITOR DETECTOR AT COUNTERPOISE  EDGE 



FIG. 6 GROUND  CALIBRATIONS  OF LORENZ VOR ANTENNA, 
VOR  MONITOR  DETECTOR  AT  200-FOOT  RADIUS 
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FIG. 13 COURSE  DEVIATION  INDICATOR RECORDLNG O F  LOREN2 VOR ANTENNA 
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FIG. 14 TO-FROM INDICATOR  RECORDING O F  LORENZ VOR ANTENNA 



FIG. 15 LOREN2 VOR ANTENNA VERTICAL PLANE  FIELD  PATTERN 



A COUNTERPOISE  DIAMETER 
13 AND 36 F E E T  

B COUNTERPOISE  DIAMETER 
9 F E E T  

C COUNTERPOISE  DIAMETER 
36 FEET,  ACCESS  HATCH  OPEN 

FIG. 16  POLARIZATION  ERROR  CURVES  OF THE 
LOREN2  VORANTENNAMOUNTED 
AT GROUND LEVEL 


