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3Ls report describes the construction and testmg of a gonlometer of suffl- 
cment cepac~tg to mount a C,nl Aeronaut~s A&nnlstretion 36-Inch double-end beacon 
or a bOGu,ch roilector Trls gon~ometer was designed to rotate this eqmpment trough 
horizontal and vertxal a?gles, and to set ad hold these angles to an accuracy of 
ck0 Ol" ahLt either axis 

me 2onu,meter yms bm:t on the frame and muntug of an obsolete 60-uxh 
coast defense searchlight 

In order to test tne dlstrlbutaon of a ti"ht proJector in the laboratory, a 
photolneter 1s set up at ane end of a photometrIc range, ano the protector 1s mounted 
OF a qmoneter at tre otxr end of the range me g""l"nzter consists of a E"unt1"g 
platforn v,hch IS dcs~~ei so that the proJector can be set accurately at any deared 
angle, either verkcal or hcruontal, from tne lu,e ~"1nu1g the proJector and the 
photometer With the Lplt proJector so ranter', It 1s rotated abeLt the horizontal 
a,xs and the oertmcal ZLS so that any deared portion of the Izezam will fall on the 
,,hot"meter Ey, ths means trawrses zre tilcen through planes across the beam, and 
measurerents are nade by means of the photometer 

A gomometer for thx purpose must he rigid in any setting and must provide 
neans of realu,g accuratel-, the horizontal ard vertical angles at nWch the light pro- 
Jector 1.5 set The act-1 posltloplng of the proJector mth respect to the horizontal 
and vertical ax-s of t,e gon1oxeter 1s of less mortance than the angle, as the TB- 
sultant errors caused ?y a shift of posltl"" are relatively minor at the range erployed 

There large equpnent, such as a 36-Inch lxacon or a 25-Inch flocdl1ght, 1s to 
'E teste3 on a goraoneter, t',e physxal requremnts for rlad pasltlonmg require an 
except,oFaily sturdy and rlDd nechallsn 

The gonlometer mst proxde a table on tilch hghtlng uuts can be mounted 
ET, rotated aba.t either a vertical or a horizontal ax18 The equlpneqt should te 
halt to carry a beacon as larze as the C A A 3i-mch b~.con Preferably It shwld 
ix so lesAqned that a 60-inch reflector cm tx wunted for rotation in place of tie 
bsaco-, as the use of sucn reflectors for avlatlon beacons 1s a futllre possibility 
The gonlometer should 'ce constructed mth suffxlent rlGdlty and prec~s="n that 
aneies day C.Z set and held pntr. a reprolxlb:lity of f0 01' about either -s he 
anguler ~easureme-~ts should "8 accurate ~~th~v ?1 percent for angles dovm to 2' As 
this 1s the rmdt'l of the narrowest "88135 which have to be considered, It 1s not neces- 
sary to mamtam this accuracy for an&s sxraller than Z0 Ths 11rNt requires an ac- 
curecy "'10 2' on small angles irnth a larger tolerrnce possible on larger angles 

r 

Pi-lor to actual design and construction of the golllometer, SUICB the funds for 
this pr"Ject were luuted, lt vms decided to make a careful search o: obsolete Am 
and Na,r equlp,,wt r,hlch could be utllrxd and readlly rxde evallahla to t'x r,lvll 
Aer"naut,cs AdmnIstratlon Hamng 11, rrund the need for considerable capacity and 
great rlgldlty, a surveyed &x,ch gun mount vas obtaned through We courtesy of the 
Ba-ea~ of Crdnance, Vavy Depz-tment ?nls gun mount seemed to provide a satisfactory 
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vertical atis, but the trunions of the gim lwre too0 close together to be used for the 
horizontal aids A surveyed CA-r,ch coast-defense searchlight was then obtained 
through the courtesy of the United States Engineer Board vlth the Idea of mounting 
the arms and trwuo" bearings of the searchhght on the gun mount 

Upon receipt of the &l-inch searchlwht, It seemed advuable to deteranne how 
accurately and reproducibly angles could be set mth the imaru~ngs pi-ovlded ~TI the 
searchhght Ihe results v~re so satisfactory that ltwas decided to use the search- 
light for both the vertxal and the horizontal tearings. 

Figure 1 IS a reproduction of a picture of this type of protector and shuus 
the appearance of the searchlight a.6 it was received The front arrd rear covers, the 
sheet metal mark, and all the various accessories xere renoved from the framework of 
the drum leaving a cradle 1" tixh to nmu"t l~acons me handwheels anS traullng 
mechanism irere rerrmved leaving, honever, the prFnclpa1 horizontal gear ati vertxal 
sector, together mth the pinions afiich engage in these pears This left the base, 
turntable, tnmmn ai-ms, and skeleton of the drum. 

l-m old gearing was rwmoved because of the play and friction 1" these gears 
,,hxh made It impracticable to set angles with the required precision. This geanng 
aas replaced by two comzmrcial 18-l reduction gears mounted on one of the tmnion 
.w-me and connected to the old pinions lhth the 18-l ratlo, one completa rotation of 
the handwheel shaft produces one degree of rotation of the gooruometer table Two 
discs, each tivlded Into 100 equal Ntis~onw by rmrks around the periphery, mere at- 
tached as handwheels Notches *re cut at 5-i171s1on intervals I" each handwheel, 
and spring catches ware provided to engage in these notches. nns 19 * convenience 
In set+,n,g angles at 0.05O intervals, which is a comma" practice I" making traverses 
through portions of beams that vary rapidly 1" intensity 

Flg,,re 2 1s B photograph of the gonlonster mth the drum of a 2&uxh rota- 
tlng beacon mounted III place for photomztry 

Figure 3 1s a photograph shomg the angular settu,g controls and the ,m?asu- 
ring devxe of the go"mmeter. 

The gon~omater table was constructed from six 3-inch steel channels one Of 
these was molnted across the losrer part of each of the two dram rings, as may be see" 
I" f1glre 2 The other four were assenblsd I" pa-s mth spacers to r&e two movable 
tracks 'Ihex tracks are supported on the angle channels to wlllch they may bs bol- 
tied in any convenlsnt posItIon. The unit to be measured 1s bolted 1" turn to the 
tracks The bearmg surfaces of the chan"els wire machined to provide posltlve con- 
tact This arrangement has bsen foti convenient for the mounting of a v&i-l&y of 
different t-lpes of llghtmg units. 

It ms not necessary to provide for the vertxal centering of the test units 
1" the gomomstar because calculat1.3" Indicated that the ext?wre error9 due to I"- 
correct centermg are negllglble For example, suppose that a unit 18 routed so 
that Its center 1s 2 feet above oi- below the center of the go"Krwtar For a vertical 
rotation of 30' there nil1 be a" error of 0 2 percent 1" tie candlepo*er reading due 
to the change I" photometruz distance There ~111 hz a coi-respor&ng 8rror in the 
vert1ca1 angle reading of 0.015O lhese errors are negligible, whereas the condltlone 
assumed are extreme Errors I" praotxe are much smaller 

RESULTS 

Data shown I" flgu-as 4, 5, ati 6 show tne results of checks on the accuracy 
of the angular settings of the go"mlretar. A theodolita was mounted on the goluo- 
meter and suitable targets and tangent scales sat up at the opposite end of the 
photornetr1c range The theodollte verniers for the horlaontal angles wire graduated 
in IO-u,ch intervals and the verniers for the vertical angles I" 30-inch intei-~als 
Tmo verniers we118 each read once for each angle measured The precxam of readmg, 
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therefore, -ma*0 0015' for horim-tal angles ana?0.004~ for vertl~al aglee, read 
with the theodohte 

Fwre 4 gives the results of a check on the axes of rotatmn. The theodotite 
wss leveled and ahgned on the target 'Lhe ganmrneter me the" rotated horum,tally 
about its vertical axle of rotation through a given angular urterval and the theodo- 
11te rotated horum,tally atout its vertxal axle until lt x.as alIgned with a vertical 
lme through the target The vertxal angular displacement between the target and the 
31rectlon of ahg-rmnt was read on the tangent scale and recorded as the devmtlon 
This was repeated for several horumntal angles 

A sirmlar procedure me followed to check the vertical rotatlo", except that 
the alignment of the axis of the theodolite and the axle of the gonmrneter, mth r-- 
spect to aemuth, was apFroxlmte. me devmtlons shown in figure 4 for the hoi-- 
sontal ens my have ken the resultant of several errors, mclud1ng a Small horleon- 
+a1 angle betmen the hormontal axee of the gonmmetar and the theodallte, which 1s 
of no Interest 

Figure 5 shams the results of measurements of de-rlatlons of the horizontal 
angle readings from those measured 7v~t.b the theodollte The squares represent the 
deviations for a" independent group of settings made to check the reproduclb111ty. 

Figure 6 gives tile results of suuAar measuremnts on vertxal angles In 
use, the gonlometer may ix loaded so ae to apply a varying torque to the cradle about 
Its horizontal ax.e of rotation Three sets of readmgs were accordingly take" tith 
different loadu,gs In t\e first set, Lnticated by squares in figure 6, there was no 
lozd on the goonloireter In the second set, u,dlcated oy circles, a torque of asproxl- 
mately '150 pound-feet yras applied at the Center of the rear mounting ring of the 
gomometer In the thrd set, Indxated by truxngles, a torque of 150 pound-feet yiae 
ep?l~ed to the rear rmg about 2 feet frox the vertical plare througl the center 

TIE data ~~ixat.e that the axee of roiatlon are fued ~,~tJun apprctitely 
+O 01: and that the hor1ao"tal angle scale readings vary from theodollte neasurenents 

by apprommately +O 01" for the angles tested. These results are mthln the requue- 
nents 

over 2 traverse of 200 , the maxumu~ devlatlons for the ver-txal angle are 
approximately *o 04" This error covers u"usually extreme contit1ons Under the no- 
load conditlo", the mounting frame passes a balance paint during the traverse The 
blacklash, taken out at the start, reappears during the traverse I" pxctxe, It 19 
deerable to avoid loadx,g the go"uxaeter 1~1 such a way as to pass i balance point 
dwlng a traverse NotmtnstandFng the extreme loating conditions, the vei-tlcal 
angles for any one setting agree ~thmi0.015° me symmetr~cel and asymmetr1ca1 
loadings gene vertxal angle readings wtuch agree mthn ?O @05', tilch 15 close,to 
the prec~~o" of reading 

CONCLUSION 

l?us proJect accoopllshed the conetructlon of a practical and effective 
goniometer me teste u,dicate that for hot? vertical and horlzontz.1 rotation, the 
accuracy of readings and the reproduclblhty of settings are Jmthln the Iunts of 
amtracy requred. The goniozeter adds B valuable faclllty in naldng test mea-e- 
rents on large and bulky llghtlng proJects 



FIGURE 1. Side View of Original Searchlight Projector. 

. 



FIGURE 2. Goniometer Showing 2L+-Inch Projector Mounted for Test. 
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