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CONSTRUCTION O 4 GONIOMETER FCR USE IN
DETERMIYI "G THE CANDLEPOWEE CHARACTERISTIZS OF BLACONS

SUMMAPY

Th.s report describes the construct_on and testirg of a goniometer of suffi-
2_ent cezpacity to meunt a C.vil Aeronautics Admmstration 35-1nch double—end beacon
or a &0-1nch reflector  Tris gonilometer was desgigned to rotate this egquipment trrough
norizontal and vertical angles, and to set and hold these sngles to an accuracy of
0 01° ahout eirther axis

The goniometer was built on the frame and mountirg of an obsolate 60-1nch
coast defense searchlight

It "RODUCTLCW

In order to test tre distrabution of a laght preojector in the laboratory, a
photomneter 1s set up at one end of a photometric range, ana the projector is mounted
¢r a zonionetber at tre otaer end of the range The gonicreter consista of a mounting
platfora which 15 desigrel so that the projector can be set accurately at any desired
anzle, either veritical or hcrizental, from tne lime joiming the projector and the
thotometer With the 1 gnt projecter sc meunted, 1t 1s rotated about the horizontal
axis and the veri_cal ax s so that any desired portion of the beam will Tall on the
photometer By this means traverses are talen through planes across the beam, and
measurertents are made by means of the photometer

A goniometer for this purpose mMmust he rigid in any setting and must provide
means of reading accurately the horizontal ard vertical angles at which the light pro-
Jector 15 set The actual pesitioring of the projector with respect to the horizontal
and vertical ax=s of the geoniometer 1s of less importance than the angle, aa the re-
sultant errcrs cauged 7y a shift of peaition are relatively minor at the range erployed

There large equipment, such as a 36-inch beacon or a 25-inch floedlight, 1s to
be tested on a goriometer, the physical regquirements for rigad pogitioning reguire an
exceptioraily sturdy and rigd mechanisnm

REQUIREME ITS

The goniometer mmist provide a table on which laghting units can be mounted
and rotated about either a vertical or a horizoatdl axis  The equipment sheuld be
bailt to carry a beacon as large as the T A A 3b-inch beacon  Preferably i1t should
be 50 desiened that a 60-inch reflector can be mounted for rotation in place of tne
beacon as the use of sucn reflectors for aviaticn beacons 15 a future possibility
"he gonicmeter should he constructed with sufficient ragidaty and precisicn that
angles ey ~e set and held matn a reprodacib:lity of *0 01° about either amis The
anguler ieasirements should e accurate withi~ +1 percent for angles down 1o 2° As
this 1s the width of the narrowest oeams which have to be considered, 1t 1s net neces-
sary to mazntain this accuracy for angles smaller than 2° Thia lamit requires an ac-—
curacy of *0 2° on small zngles with a larger tolerance possible on larger angles

CCYSTRUSTION

Frior to actual design and construction of the gomiometer, sines the funds for
this project were limted, 1t was decided to make a careful search of obsolete Army
and Navy equipmert which could be utilized anld readily made evaillsble to the Civil
feronautics Admimistration  Having in mind the need for considersble capacity and
great ripgidity, & surveyed 4-inch gun mount wes obtained through the courtesy of the
Bureaw of Crdnance, X¥avy Depzrtment This gun mount seemed to provlde a satisfactory
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vertical axis, but the trunlons of the gun were too close together to be used for the
norizontal axls A gurveyed 60-1nch coast-defense searchlight was then obtalned
through the courtesy of the Unlted States Engineer Board with the 1dea of mounting
the arms and trunion bearings of the searcthlight on the gun mount

Upon receipt of the 50-inch searchlight, it seemed advisable to determne how
accurately and repreducibly angles could be set with the bearings provided in the
searchlight The results were go satisfactory that 1t was decided to use the sezrch-
light for both the vertaical and the horizontal bearings,

Figure 1 is a repreductlon of a picture of this type of progector and shows
the appearance of the searchlight as it was recsived The front and rear covers, the
gheet metal work, and ell the various accessories were removad from the framework of
the drum leaving a cradle in which to mount beacons The handwheels asrd training
meachanism were removed leaving, however, the principal horlzontal gear amd vertacal
gecter, together with the plnions which engage 1n these gears This left the base,
turntable, trunion arms, and skeleton of the drum.

The old gearing was removed because of the play and friction in these gears
which made 1t impracticable to set angles with the required precislon, This gearing
#as replaced by two commerclal 18-1 reduction gears mounted on one of the trumion
arms and connected to the cld pinions  With the 18-1 ratio, one complets rotation of
the handwheel shaft produces one degree of rotation of the gpomoneter table Two
diges, each divided inte 100 equal divlsions by marks around the periphery, were at—
teched as handwheels  Notches were cut at 5—davasion lntervals in each handwheel,
and spring catches were proevided to engage in these notchesa, This 13 a convenlence
in setting =ngles at 0,05° intervals, which 13 a common prectice in making traverses
through portions of beams that vary rapidly in intensity

Figure 2 15 a photograph of the gomiometer with the dyum of a 24-1nch rota-
ting beacon mounted in place for photometry

Figure 3 15 a photegraph showing the angular setting controls and the measu-
ring device of the goniometer.

The soniometer table wms constructed from six 3-inch ateel channels One of
these was mointed across the lower part of each of the two drum rings, as may be geen
in figure 2 The other four were assembled 1n pairs with spacers to make two movable
tracks These tracks msre supported on the single channels to which they may be bol-
ted in any convenient position. The unit to be measured 1s bolted in turn to the
tracks The bearing surfaces of the channels were machined to provide positive con-
tact This arrangement has been found convenient for the mounting of a variety of
different types of lighting units.

It was not necegsary to provade for the vertical centering of the test units
in the gomometer because calculation indlcated that the extreme errors due to in-
correct centering are negligible For exampls, suppode that & unit 1s mounted so
that 1ts center 18 2 feet above or below the ¢enter of the gomometer For a vertical
rotation of 30° there wlll be an error of 0 2 percent i1n the candlepower reading due
to the change in photometric distance  There will be a corresponding error 1n the
vertical angle reading of 0.015° These errors are negligible, whereas the conditlions
aasumed are extreme Errors in practice are much smaller

RESULTS

Date shown in figures 4, 5, and 6 show tne results of checks on the accuracy
of the angular settings of the gomiometer. A thecdolite was mounted on the gonio-
meter and suitable targets and tangent seales set up at the opposite end of the
photometric range The theodelite verniers for the horizontal angles were graduated
in 10-1nch intervals arnd the vernlers for the vertlcal angles in 30-inch intervals
Two vernlers were each read once for each angle measured — The precision of reading,
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therefore, wasiG 0015° for horizo-tal angles anat0.004° for vertical angles, read
wlith the theodolite

Figure 4 gilves the results of a check on the axes of rotation. The thecdolite
was leveled and aligned on the target The goniometer was then rotated horizontally
about 1ts vertical axis of rotation through a given angular interval and the theodo-
lite rotated horizontally about 1ts vertical axas untal 1t was aligned with a vertical
line through the target The vertical angular displacement between the target and the
darection of alignment was read on the tangent scale and recorded as the deviation
This was repeated for several horizontal angles

A slmlar procedure was followed to check the vertical rotation, except that
the aligmment of the axis of the theodolite amd the axis of the gomometer, with re-
spect to azimuith, was apprommate. The deviations shown in figure 4 for the hori-
zontal axna may have been the resultant of several errors, including a small horizmon-—
tal angle between the horizontal axes of the gomiometer and the theodolite, which 1s
of no interest

Figure 5 shows the resulte of measurements of deviations of the horaizontal
angle readings from those mesasured with the theodolite The squares represent the
deviations for an independent group of aettings made to check the reproducibility.

Figure 6 gives the results of simlar measurements on vertical angles In
use, the goniometer may te loaded s¢ as to apply & varying torque to the cradle sbout
1ts horlzontal axas of rotation Three sets of readings were accordingly taken with
different loadings 1In the first set, indicated by squares In figure 6, there was no
load on the goniometer In the second get, 1ndicated oy circles, a torque of approxa-
mately 150 pound-feet was applied at the center of the rear mounting ring of the
gomometer In the third set, 1ndicated by triengles, a torque of 150 pound-feet was
epplied to the rear ring shout 2 feet from the vertical plare througa the center

The data indieate that the axes of rotation are fixed within apprexdmately
+0 Ol and that the horizontal angle scale readings vary from theodolite measurements
oy approxlmately‘+o 01° for the angles tested. These results are within the require—
ments

(ver o traverss of 20° , the mammum devaations for the verticsl angle are
approxamately +0 04° Thia error covers unusually extreme conditions  Under the no-
load condition, the mounting frame passes a balance point during the traverse The
blacklash, taken ocut at the start, reappears during the traverse In practice, 1t 1s
desirable to avoid loading the gomiometer in such a way as to pass £ halance point
during a traverse Notwirtnstanding bhe extreme loading conditions, the vertical
angles for any one setting agree within 10,015° The symmetricel and asymmetrical
loadings gave vertical angle readings which agree watlan X0 005°, wnich 18 clese teo
the precision of reading

CONCLUSION

This project accemplished the conatruction of a practical and effsctive
gonlcmeter  Tha tests indicate that for botn vertical and herizontal rotation, the
accuracy of readings and the reproducibility of settings are within the Iimits of
agcliracy required. The goniometer adde a valuable facilaty 1n maldng test measurs-
rents on large and bulky lighting projects
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FIGURE 1. Side View of Original Searchlight Projector.
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FIGURE 2. Goniometer Showing R4-Inch Projector Mounted for Test.



FIGURE 3, Detail of Setting Control.




DEVIATION IN DEGREES

+02 AXIS OF HORIZONTAL ROTATION AXJS OF VERTICAL ROTATION
+ 01 ﬁ]s L
(S, Y , S, N a®
0 —zl- iy T
Ia PA's
-0l L, A—d 2
— 02
=30 —20 —10 0 10 20 30 —10 -5 0 5 10
HORIZONTAL ANGLE IN DEGREES YERTICAL ANGLE IN DEGREES
FIGURE /. Deviation of Axlps of Rotation
300-Meter Range OJoniometer
+ 02
o
82 o
& N
g Fay
AN
z o Fa LY Va FaY ADA : 3
z N A A T SAD A i T
] o WS, W ol N 1 2 l‘ L‘ A
2 ] a Al |2 ]a
< 0
Gi ol 0
=] Fa
L
— 02
J
—10 —8 —b —4 -2 0 2 i 6 8 10

SCALE READINGS IN DEGREES

FIGURE 5 Deviation of Horlzontal Angle Scale Readling
100 -Meter Bange Gonlometar




DEVIATION IN DEGREES
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FIGURE 6. Deviation of Vertical Angle Scale Heading
300-Meter Range Gomiometer.




