
ldEA3URIl?G OF THE BASE CIRCLFl RADIUS 

USING OPTICAL METHOD 

ABSTMCT 

It is,in prinaiple,impoasible to determint) by measuring a 
gear either the modulesthe psefmare a w e  or the pitch cirole 
ra&LuaeIt remains poaajible to determine the various dinensions 
of a gear when the base radiw is knownothe measurement of 
same if for tb ia  reason essential and we wlll now describe aa 
optical aourate method wuch permlt to find the base radlus, 
also it can be continued to give the aomectness of the shape 
of the involute profile. 

DurLng the hobbix process the crombination hobjgees forms a 
t r ~ s s i o n  aaalogoue to that of rack and gear,Module m and 
preeaure angle 16 of this t r d s s i o n  are determined by flea 
engle fi and Nteh  P- of the hob 3 -5Frack ),and since the rad- 
ius r of the pitch circle has been defined as r = 0.5 m P, P 
where m ia the module and B is the number of teefh,h,lt results 
from this that the base redius rb = 0.5 m H oos #.In the 
course of the bobbing process the flank of the hob oontacts 
the gear on the pitch oirole,whioh %herefore is the tangent 
rrircle of the transmieelon hob/gear.fhe pitohtand consequen- 
tly also the module) of the hob is naturally equal to that of 



the gear measured along the pitch circle.The involute la, 
mathematically,determined by the base radius;the number of 
teeth is a functional datum and beoause r = 0.5 rn B thLs 

P 
quantity la a oolletant value,belonging to the gees and being 
dependent on the hob. 

Aa aaoon ae the g e m  forms 8 transmission with another gear, 
a 

the eituation a1ters.The notation pressure sngle only 
holds,when a trsnsmisslon ie eoncermed and the pressure angle 
of a t r d a a i o n  gear l/gear 2 need not neceesarlly be equal 
to that of &ea-r/hob.de ft ie,ue find that 

see fig. 1,eo that the preasure angle fl of a transmission 
l/gear 2 depende on the centre dirrtanoe and the base 

radii,while the pressure angle of the coDination hob/gear 
hi exslusivly dependent on the flank angle of the rack.In 
fig. l.the gears oontact one another in p,the circles that 
pass through p and the oentrea of &oh are Oy and are the 
tangent circles,and in the n a w e  of thinge the pitch measured 
along the tangent circle of gear 1 met be equal to the one 
m e a m e d  along the tangent oircle of gem 2.Although the pitch 
cirolea are often identioal with the tangent clrclee,thio is 
no neoessity,far the pitah cirale radii are exolueively depen- 
dent on the imariable dimenelone of the hob, where as the 
tangent cirole radii are determined by the aetance between 
the c'caater9 af the two &ems. 

Fxom the above it follow that both module and preaaur?e angle 
of a tranemiesion may differ f rom those of a tranemission 
hob/gew.Furthermore it is,at least throritically,poesible to 
make a single gear by m e w  of hoba whose pressure anglea 

(flank ang1es)are differnt.Since in that event the gems axe 
likearise contacted by the hobe on different circles,the hob 
module8 too,will be differat from each other. me ratio i of 



8 pair of gears is  not only determined by the number of teeth 
but also by the base radii,the pitoh oircle  r ad i i  do not deter- 
mine this ratio,In ao~~~equeme, the  baeio magnitude of a gem 
a re  the base radius and the llumber of teeth and it i s , i n  prin- 
ciple,imposeible t o  d e t e r d m  by measuring s gear ei ther  the 
module,the p r e s m e  angle or the pitoh o b c l e  radiua,becsuee 
of the faot  that them magnitudes depend on one'of the hobs 
d t h  rbiah the geaz o d d  W e  bem made.Borethe purpose of 

n 
l imiting %he number of hoba the flank angle preegure angle 
and the pituh (module) of the hob are etanderdised. 

Owing t o  this i t  remains possible t o  determine the various dim- 
emions of a gear when the base radiua i e  known.The measurem- 
ents of eame is for th le  reason essential. 

When an involute acts  against a s t ra ight  lbe,we have the cond- 
i t i o n  shown i n  fige. 2 and 3.The strai&ht l ine , i s  tangent to  
the involute curve and is always perpindloular to  its l ine  of 
action.When i t  is  constrained t o  move only in  the direction of 
the l i n e  of action,i t  w i l l  be moved a t  a uniform r a t e  to  that 
of the end of the generating l ine.  

The gear i e  fixed upon the rotary table of the Universal Meas- 
uring Microecope ( C a r l  Zeiee Jena ).me gear i a  centrically 
poeitioned wing  double W g e  occ&ar,then this occular will  be 
3xgbceiL by- j ib  - geniometer -oaaule--wM1e the gear i a  st i l l  i n  
its aentric poeition.The gedometer o a ~ u l a r  ehould be adjueted 
s o  that i t a  oroae ha i r  w i l l  be paral le l  t o  the X-Y directional 
meaeuremente of the universal measuring microscope. 

A movement along the X - a x i s  and the Y-ax58 causes the horizontal 
croes l ine  t o  oontact a tooth flank a s  shown i n  fig.  2. fo r  
instanue a t  A,. ,from involumetry the vertioal oross l i ne  paesee 
through A1 must be a tangent t o  the base olrule of the gear, 
Theoritically,the base radiua of the gear rb now equal xl , b t  





f o r  more acrmracy,we ehal.1 proceed i n  a different way,which 
i e  being desaribed herinafter. 

The rotary table and the gear f ixes  upon it are turned through 
an -2% 0 and once again we nauee the horizontal arose l ine  to  
oame in oontaat with the tooth flank a t  &L , a8 ahom i n  fig. 3,  
t h i e  time only by movement in the direction of the axis of 
ordination.!The barn radiue rb equals aro Ax+ divided by angle 
8,and arc %+ equals y2-yZ - y in ooneequence of which:- 

The re la t ion  between the variation i n  l inear  diepacement y 
and angular rotation 8 i e  a s t raight  l i n e  relation.The limit- 
a t ion  of thia relat ion t o  be a s t ra ight  l i ne  depends on the 
involute error exiete.Since y i e  not only vary due t o  the rot- 
a t ional  angle 8 but also due to  the involute profile errors. 
Applying the above analyela both the base radius and the error 
i n  involute profile can be detected. 

EXPERI5lEXTAL WORK 

IChe above procedure for measuring the base radiue and determ- 
ining the involute prifi~e arrore 18 performed on a new ground 
-dth ~-42.-teeth,snd a-hobBing-f2& angle 20°.~esanremente 
of variation i n  y dieplaoement aorreeponding t o  the angular 
position 8 were taken over l2 poeition for  every tooth.- 
measurements were taken fcor 8 different teeth. 
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Results of The Emerbeb%al Qork 

Figurea ( 4 - 3.9 )$show the resulte of the qsrfmental  
measurementa.Tbe relationa beheen the di.eplacamenf y and the 
an'rgulsr rotation 8 w e  linear,and these m e  ehowa in f i e e e  
( 4,5,8, Y,12,13,36,17 ),the imolute  profile emor for. each 
measur'ed tooth are shown 3.n f % p e s  ( 6,7,l0,1f1l4,25,l8,19 ) 

Determiaatlon of Baee RacUq 

The base redlus ie d e t d n e d  frola equation 2,aclosrding t o  the 
aXope of y and 8 relation,fram the regression analyeria these 
relation can be considered ltnear arlth a high confLdence 
limit. 

r e  are by way of example giving the deewiption o f  a measur- 
ement performed on the new s o u n d  sear wlth 42 teethsthe meae- 
wemeats were taken upon the first Geeth;its results are ehown 
i n  figures ( 4,6 ),the follo* ordinate values were found:- 
Ob59+Oe601-0b605-0.60r-0.605.0,605-0,601-O~60~Oe b01-0.603 
O*Sg+Oe60 j r  for 6 - 1" or o.rn7455 rid. 
The average value of y 0.602 ( y being the average of 33 
readhgs 1, eo the m e  radiue *om equation 2 

73,526 
!i!hat I s  to say m = -- = 1,7506 - mm 

42 
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A normal module l e  1.75,etartisg f rom thia figure we f ind  that 

rb = 0.5 m H aoe P - 0.5~a. 75~42~0.9397 
34.534 = 

%!he value calaulated Is only 0.012 mm too 1arge.e; $bat the data 
regsrding the gear wheel are %n this *very detsrminable. 

Xhe non linearity In tho experimental reeulte can ba referred 
t o  the Involute o m r  ezlet on the measured tooth. 

The variability ehom b tho elope8 of t h e  measured values,: 
indioatee ve;riability in the values o f  the base rsdlue, this 
variabi l i ty oan be aligned t o  the eocentrieity in the bee8 cirole, 
eince meaeuremente are taken referred to  5rrtrlnslo datutO ( gear 
~oncentr io ) poeition r l t h  reepect to  the optical axis of the 
1aetrument.By analysiag the variability I n  +e baee ~ a d i u e  value 
the eocantrloity of base cirole can be deteoted.llhe eccentr ldty 
$6 approximately 15 um. 

,Accuracs 'of Determination of W e  Radiua 

Qften i n  engineering problama t h e  important arlterlon is a 
Amotion of eeveral 2adependent~waiablee.In our w e  base radiue 
rb I s  s .fumtion of two -divided independent variables ( y/e ), 
;k definition of the dltribution of the r e a t a n t  function in 
g8- 2htr- oomMnatIon -of distributkon~-& Independent variables 

18 n 
$6 knom as the propagation of errors8 .In our cam 



where 

Sr = resultant standard deviation of the two vaxiablea 

S~ 
= standard deviation of y ooordirmtes 

~g = mean value of g aoordinatee 

ule mean value of angle 8 

SO - standard deviation of angle 8 

from which it followe 

Since s2 is negligible v l th  respeot t o  
Y 

It appeam that  the precision of the angular measurement. is 
dede ive  f o r  the degree of precieion with wUoh the base r a w  
i a  found.Por the ~ e r i c a l  example of tooth llo.1 wMch explained 
beforesthe s t a n k $  deviation Sy = 0.003 mm and l e t  SO = 0.2 m rad. 
( approdmately 10 ) .Remaltant 8 tmdard deviation from equation q 

Detection of Imrolute Profild 

Ils mentioned before the re la t ion between the displacement i n  t h ~  
direction tangent t o  the baae c i r c l e  y and the angular rota t ion 6i 
i a  linear,any non l i nea r i t y  in the expermint&, resu l t s  can be 



re fe r red  t o  the imo lu fe  p r o f u e  e r ror  existed on the measured 
tooth.For the m e r i c a 3  e~smple of tooth 80.2 which explained 
before,the mean vahe of the meamred readings w e  found 0,603 
-,the d d a t i o n  than *hat metin 18 the  involute p ro f i l e  error  
and i t  was found f o r  that tooth t o  be equal t o  10 =,as ahown 
in f ig ,  6;aad so on for all the teeth. 

An opt ioa l  method for meaeur&n& the balte radiue and detecting 
me e r r o r  i n  tbe invohrte p ro f i l e  i s  Inh.oduoed,The method provide 
an aoourate determination 02 base radius and i m o l u t e  e r roreme 
basio dlmenaions of gear aan be dtermined us* the meaaured base 
radiue value,This method I s  p c t i a a 1 , ~ i n a e  no epeciai  fnstrumenta 
for geara ape necessary t o  be used and aan be applied using any 
opt iaal  metroscope available, 
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