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A ROTATING GONIOMETER FOR THE LOW FREQUENCY 
HIGH POWER OMNIRANCE 

SUMMARY 

Th,s report descr,bes the development 
of a rotat,ng gon,ometer for the high power, 
lowfrequencyomn,range locatedon Nantucket 
Island. The frequency range ,s 190 to 400 kc 

The gomameter ,s dr,ven at 1800 rpm by 
a 220~volt, one-half horsepower synchronous 
motor One end of the motor shaft ,s coupled 
to the gonrometer and the oppos,te dr,ves a 
210-cps tone wheel and a small 30-cps p,lot 
generator. 

The gomometer was des,gned for a prl- 
mary rf ,nput power of 3 kw w,th a secondary 
load res,stance of 35-ohms The effx,ency 
of the gomometer ,s approx,mately 90 per 
cent The gomameter character,st,cs show 
a departure of approxmxately f,ve per cent 
from a true s,ne wave Nulls are sharp and 
dxplaced by 180’ from each other The m- 
put ,mpedance var,es about 6 5 per cent far 
360” rotatmn of the pr,mary, w,th each sec- 
ondary loaded at 35-ohms T he mutual ,n- 
ductance measures 39 m,crohenr,es The 
,nput ,mpedance at the 15”. 105’. 195’, and 
285’ pos,t,ons ,s approx,mately 63-ohms 

Spec,al attentmn was g,ven to the de- 
velopmentof sat,sfactorylow res,stance con- 
tact brushes and collector r , n g 5 to prevent 
arcmg and heatmg A number of methods 
us,ngd,fferent types of materials were g,ven 
prolonged tests to deterrune the,= operatmg 
character,stlcs when carry,ng heavy rf 
currents Copper-carbonbrushes andheavy 
brass rmgs were found to be the most sat,s- 
factory irom thz standpmnt of m,n,mum heat,% 
and low contact res,stance, and are used to 
transfer the rf energy from the transnutter 
to the prunary co,1 of the gomometer 

Wh,le ,t was not p o 5 s , b 1 e to test the 
gonlometer at rated mput due to lack of a 
sultable rf source of power, tests were made 
usmg the rated rf currents III the pr,mary 
and secondary c,rcu,ts by reduc,ng the load 
reelstance No apprecmble he at, n g of the 
brush and r,ng assemblxes or tun,ng com- 
ponents was d,scern,ble after a test per,od 
of s,x hours at an amble nt temperature of 
82’ F 

INTRODUCTION 

Lowfrequencygon,ometers of the man- 
ually operated type have been successfully 
used ,n four-course radm ranges durmg the 
past 20 years These units were of cons,der- 
able s,ze, andrequued no rotat,ng machmery 
forthelr operatmn The stator w,nd,nge were 
appraxmxately 14 Inches in d,ameter, while 
the dmmeter of the rotor w,nd,ngs was about 
seven Inches. They were Iabrxated almost 
entirely of bakel,te tub , n g and sheet stock 
and were of s ,mple constructmn The two 
rotor wmd,ngswere displaced 90” from each 
other and termmated on collector ,-,n g s on 
one endof the rotor shaft The stator w,nd,ngz 
also were displaced 90’ and coax,al m,th the 
rotor 

Inthe development of the low frequency 
omnlrange, It was necessary to construct a 
gonmmeter that could be rotated at a constant 
speed of 1000 rpm and dehver several k,lo- 
watts of rf power to the transm,ss,on lmes 
feedmg the ammrange antennas 

Th,s report descr,bes the construct,on 
of alowfrequency rotatmg gomometer hav,ng 
a rated rf mput of 3 kw when ,ts output c,r- 
cuts are termmated ,n 35-ohm res,stance 
loads The frequency range ,s 190 to 400 kc 

MECHANICAL DESIGN 

In or de r to keep the cost of th,s un,t 
reasonably low and reduce mechamcal prab- 
lems tc ammxnum, a rotor w,nd,ng d,ameter 
of 4 3/4 Inches and a stator w,nd,ng d,ameter 
of e,ght Inches, was chosen 

The rotor w,nd,ng, wound on a length of 
h,gh-grade bakel, te tubmg, cons,sts of 16 
turns, B/32/36 l,tz wire, closely spaced The 
lengthof the w,nd,ng ,s 15 3/4 ,nches and the 
w,dth IS 2 l/g Inches. The rotor w,nd,ng ,s 
connected to the collector rungs b> copper 
str,ps wh,ch extend through slots in the rotor 
shaft The wmdmg ends are termmated ,n 
copper lugs 5 e cure 1 y fastened to sutable 
sockets One endaf the copper str,ps, terml- 
nated in b r a s s plugs, flts s n u g 1 y ,nto the 
sockets The other end of the copper str,ps 



is secured to the collector rings with machine 

screws. Four contact brushes are provided 

with each collector ring to insure a smooth 

and uninterrupted transmission of rf power 

to the rotor winding under normal operating 

conditions. The winding is cemented to the 

bake 1 it e tubing with a high-grade bakelite 

varnish. 

Fig. 1 shows a view of the rotor winding 

with the positioning sleeves partially removed 

The positioning sleeves are for the purpose 

of keeping the rotor winding firmly in place 

when it is rotating at 1800 rpm. Fig. 2 shows 

the r o to r form with shafts disassembled. 

Fig. 3 is a view of the rotor completely as- 

sembled and mounted in an aluminum frame. 

A close-up view of the collector rings 

and brushes is shown in Fig. 4. A 360” dial 

calibrated at 10” intervals is mounted on the 

driven end of the rotor shaft. The dial can 

be oriented to any desired position by loos- 

ening the set screws which secure it to the 

shaft. The dial provides a means of ascer- 

taining the a ng ul a r relation of the rotor to 

either secondary, which is r e g ui r e d when 

obtaining the electrical characteristics of the 

goniometer. The dial is usually adjusted to 

indicate maximum or minimum coupling be- 

tween the rotor and each secondary at the O”, 

90”, 180”, and 270” positions. 

The secondarywindings are rectangular 

in shape, wound flatwise and securely fastened 

to the bakelite form by a high-grade insulating 

varnish and suitable clamps. Each winding 

consists of two s e c ti o n s wound with seven 

turr,s, 7/32/38 litz wire per section. Winding 

dimensions are; 15 l/4 inches and width three- 

fourths inch. The complete stator assembly 

is shown in Fig. 5. 

The end plates, Fig. 6, which contain 

the bearing housings, are c on s t r u c te d of 

ribbed aluminum castings bolted to a heavy 

steel base. Spacing between the end plates is 

maintained accurately by four aluminum tie 

rods which are insulated from one end plate 

by bakelite bushings. 
The goniometer is driven by a one-half 

horsepower, 1800 rpm, synchronous m o to r 

Fig. 1 Rotor Winding 

Fig. 2 Rotor Form and Shafts 



Fig. 3 Rotor Assembled in Frame 

operatingfroma 220-volt single phase 60-cps 

supply. The mo to r also drives a ZlO-cps 

frequencymodulated tone wheel and a 30-cps 

pilot generator. 

The tone wheel, Fig. 7, is a flat cast 

iron disc with irregularly spaced teeth (seven 

innumber) cut to a predetermined shape. The 

magnetic field of the pickup unit is affected by 

the tone wheel in a manner such as to produce a 

210-cps frequency, whichisfrequency modu- 

lated at 30-cps with a deviation ratio of one. 

The tone w h e e 1 is mounted on a steel shaft 

equipped with ball bearings and supported by 

a cadmium plated brass framework. 

The completely assembled goniometer 

with driving motor, tone wheel, and pilot gen- 

erator is illustratedinFig. 8. The goniometer 

(including collector rings and brushes) is en- 

closed on three sides by perforated bakelite 

panels. 

The mechanical design features of the 

go n i o m e t e r make a quick and simple dis- 

assembly possible for inspection or repair 

to its internal parts. By disconnecting the 

rotor shaft from the driving motor, removing 

the dial and disengaging the brush assembly 

bracket from its locating dowels, the rotor 

with bearings and bearing housings assembled 

on the rotor shaft, is easily drawn out through 

the end plate at the b rush assembly end by 

removal of the bearing housing screws. 

Inspection of the rotor winding may be 

made by removing the outer positioning sleeve 

which is held in place by two rows of machine 

screws at eachend of the rotor frame. When 

the screws are disengaged, the outer sleeve 

may be slipped back from the rotor frame 

exposing the winding to view. The slip-ring 

shaft then may be remove d by giving it a 

gentle pull away from the rotor frame. 
An aluminum cabinet, Fig. 9, ho u s e s 

the variable and fixed tuning capacitors for 

resonating the goniometer primary and sec- 

ondary inductances over the frequency range 



Fig. 4 Collector Rings and Brushes 

190 to 400 kc. The c a b in e t is divided into 

three compartments to provide for shielding 

of the components associated with the goni- 

ometer input and o ut p ut circuits. Fig. 10 
shows the arrangement of the fixed and vari- 

able tuning c a p a c i to r s inside the cabinet. 

Wiring c on n e c t i o n s are made with tinned 

copper strap. A wiring diagram of the unit 

is shown in Fig. 11. 

ELECTRICAL DATA 

The electrical tests on the goniometer 

were conducted at a frequency of 194 kc at 

the Avon, Indiana, LF o m n i r a n g e station. 

Goniometer characteristics were o b ta i n e d 

with the secondary windings terminated in 

dummy r e s i s t i v e loads of 35-ohms each. 

With the rotor cur rent held constant, the 

voltage across the secondary loads was meas- 

ured with a General Radio Model 726-A 

V.T.V.M. for each 10” rotation of the rotor. 

The data obtained from these measurements 

were plottedand showedthe departure from a 

true sine wave to be approximately five per 

cent. Nulls were sharp and displaced by 180” 

from each other. (See Fig. 12) 

The reflected impedance characteristics 

plotted in Fig. 13, showed a variation of 6.5 

per cent. Measurements w e r e made w i th 

CAA impedance bridge, Type AC-263 and 

also by the ammeter-voltmeter method. Both 

methods of measurement s ho w e d approxi- 

mately the same amount of variation. Meas- 

urements were made for each 10” position of 

the rotor with secondary windings terminated 

in 35-ohm resistive loads. 

Withan rf carrier input of approximately 

500-watts, the secondaries t e r m i n a t e d in 

35-ohms dummy r e s i s t i v e loads, the effi- 

ciencymeasured95 per cent. This value was 

obtained for an input power of 490-watts 



Fig. 5 Stator Winding Assembly 

Fig. 6 Aluminum Frame 

(Ip = 2.8 amp and RI, = 63-ohms). The out- 
put power, indicated by a General Radio 

Model 726-A V.T.V.M. measured 470-watts 

Fig. 7 210-cps, FM, Tone Wheel 

(130-volts rms a c r 0 s s a 35-ohm resistive 

load). 

Since the rf power available at the Avon 

station was limited to 500-watts, it was not 

possible to test the goniometer at its rated 

input of 3 kw. Therefore, tests were made 

using the rated rf currents in the rotor and 

secondary circuits independently. The rotor 

circuit was tested with a current of 8 amp 

through c o 11 e c to r rings and brushes for a 

period of six hours. No undue heating of any 

electrical or mechanical component was ob- 

servedatthe end of the test period. The am- 

bient temperature was 82” F with the goni- 

ometer running atnormal speed. The collector 

rings and brushes showed no appreciable rise 

in temperature above the room ambient and 

no evidence of insulation breakdown or flash- 
over was indicated throughout the test. The 
secondary windings were tested at an rf cur- 

rent of 11 amp for a 4-hour period in an 

ambient temperature of 81’ F. The temper- 

ature rise in the windings was approximately 

15” above ambient at the end of test. No in- 

sulation rupture or flashover or undue heating 

of the tuning capacitors was noticeable during 

the test period. 

Inductance measurements on the rotor 

gave a value of 113 microhenries and a Q of 

365. The secondary inductance measured 101 

microhenries and Q of 270. The mutual in- 



Fig. 8 Goniometer With Driving Motor, Complete Assembly 

Fig. 9 Tuning Cabinet 

ductance for maximum coupling between rotor 

and secondary measured 38 microhenries. 

All measurements were made at 200 kc and 

were made with a B o onton Type 106-A Q- 

meter. 

Rf current ratings for the fixed tuning 

capacitors are indicated as follows: 

Capaci- Current at Current at 

Type tor 200 kc 300 kc 

Mfd 

191 - 50 ,004 8.6 amp 12.0 amp 

961 - 30 BL .002 5.0 ” 7.5 ” 

960 - 30 BL .OOl 3.0 ” 4.5 ” 

959 - 30 BL .0005 1.5 ” 3.0 ” 

To avoid excessive currents and ab- 

normal circuit voltages, the rated input cur- 

rent (7 amp) to the goniometer should not be 

exceeded. Some positive means of removing 

rf power to the goniometer should be provided 

at the transmitter in case of accidental re- 

moval of either secondary load during normal 

operation. 

A O-10 amp rf meter or 10 amp rf fuse 

(Littlefuse) should be installed in series with 

the transmission line feeding the goniometer 

to p r o vid e protection for the rotor circuit 

during abnormal conditions. 



Fig. 10 Inside View of Tuning Cabinet 
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Fig. I1 bchematic Diagram of the Low Frequency Rotating Goniometer 



Fq 13 Gonmmeter Input Impedance Character,stlcs 


