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ABSTR'ACT

It is,1in principle,impossible to determine by measuring a
gear elther the module,the pressure angle or the pitch circle
radius, It remaing possible to determine the various dimenaions
of a gear when the base radius is known,the measurement of
same 1f for this reason essential and we will now describe an
optical acurate method which permit to find the base radius,
also it can be continued to give the correctness of the shape
of the involute profile,

INTRODUCTION

During the hobbing process the combination hob/gear forms a
transmission analogous to that of rack and gear.Module m and
pregsure angle § of this transmission are determined by flenk
angle P and pitch P of the hob (oF Fack ),and since the rad-
ius Ty of the pitch circle has been defined as r_ = 0,5 m N,
where m is the module and ¥ is the number of teegh,it results
from this that the base radius r, = 0.5 m N cos f.In the
ocourse of the hobblng process the flank of the hob contacts
the gear on the pltch oircle,which therefore 1s the tangent
circle of the transmission hob/gear.The pitohiand consequen~
t1y elso the module) of the hob is naturally equal to that of
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the gear measured along the pitch circle.The involute is,
mathematically,determined by the base radius;the number of
teeth is a functional datum and because r_ = 0,5 m X this
quantity is a constant value,belonging to the gear and being
dependent on the hob. '

As -soon a8 the gear forms a transgission with anotger gear,
the aituation alters,The notation pressure angle only
holds,when a transmisgslon is concerned and the pressure angle
of a transmission gear l/gear 2 need not necessarily be equal
to that of gear/hob.As it 1s,we find that

r + X
M. .. )

gee fig, 1,80 that the preasure angle § of a transmission
soaxr l/gear 2 depends on the centre distance and the base
radii,while the pressure angle of the cobination hob/gear

is exelusivly dependent'on the flank angle of the rack.In

fig, 1l.the gears contact one another in p,the circles that
pass through p and the centres of which are 01 and 0, are the
tangent clrcles,and in the nature of things the pitch measured
along the tangent circle of gear 1l must be equal to the one
measured along the tangent circle of gear 2,Although the pitch
circles are often identical with the tangent circles,this is
no necegsity,for the plitch cirocle radll are exclusively depen-
dent on the invariable dimensions of the hob, where as the
tangent circle radll are determined by the diatance between
the centers of the two gears,

From the above it follows that both module and pressure angle
of a transmission may differ from those of a transmission
hob/gear Furthermore it is,at least throritically,possible to
make a single gear by means of hobs whose pressure angles
(flank angles)are differnt.Since in that event the gears are
likewise contacted by the hobs on different circles,the hob
modules too,wlll be differnt from each other, The ratio i of
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& palr of gears is not only determined by the number of teeth
but also by the base radii,the pitoh oirele radii do not deter-
mine this ratio.In consequence,the baslic magnitude of a gear
are the base radius and the number of teeth and it is,in prin-
ciple,impogaidble to determine by measuring a gear either the
module, the pressure angle or the pltch circle radius,because
of the faot that these magnitudes depend on one of the hobs
with which the gear scould have been made.Fornthe purpose or
1imiting the number of hobs the flank angle pressure angle
and the pitch (module) of the hob are standerdized,

Owing to this it remains pogsible to determine the wvarious dim-
ensions of a gear when the base radius is known,The measurem-
-ents of same is for this resson essential,

ANALYTICAL INVESTIGATION

When an involute acts against a straight line,we have the cond-
ition shown in figs, 2 and 3,The straight line,is tangent to
the involute curve and is always perpindicular to its line of
action.When it 18 constrained to move only in the direction of
the line of action,it will be moved at a uniform rate to that
of the end of the generating line, A

The gear is fixed upon the fdtar& table of the Universal Meas-
uring Microscope ( Carl Zeiss Jena ),The gear is centrically
‘positioned using double image occular,then this occular will be.
repleced by the geniometer-occcular--while the gear is atill in
its centric position,The geniometer occular should be adjusted
8o that its cross halr will be parallel to the X~Y directional
measurements of the universal measuring microscope,

A movement along the X-axis and the Y-axis causes the horizontal
crogs line to contact a tooth flank as shown in fig, 2, for
instance at Ai from involumetry the vertical oross line passes
through Ay must be a tangent to the base circle of the gear,
Theoritically,the base radius of the gear r; now equal Xx; s bt
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for more accuracy,we shall proceed in a different way,which
is being described herinafter,

The rotery table and the gear fixes upon it are turned through
an angle © and once again we cause the horizontal eross line to
come in contact with the tooth flank at A, , as showm in fig. 3.
thig time only by movement in the direction of the axis of
ordination.The basr radius Ty equals arc A1A2 divided by anglse
8,and arc A1A2 equals y,-y; = ¥ in oonsequence of which:-

Yo = ¥y y
.b 28 eovmenms ’ " vor s = -
% =~-9 e

The relation between the variation in linear dispacement y
and angular rotation 6 is a straight line relation.The limi$-
ation of thias relation to be a straight line depends on the
involute error exists.Since y is not only vary due to the rot-
ational angle 8 but also due to the involute profile errors,
Applying the above analysis both the base radius and the exrror
in involute profile can be detected

EXPERIMENTAL WORK

The above procedure for measuring the base radius and determ-
ining the involute prifile errors is performed on a new ground
gear with a 42 teeth,and a-hobbing flank angle 20 ,Measurements
of variation in y displacement corresponding to the angular
position @ were taken over 12 position for every tooth,The
measurements were taken for 8 different teeth,
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Regults of The Experimental Worlk

Pigures ( 4 - 19 )ishowe'the resulte of the experimental
meagurements.The rélationa between the displacement y and the
‘axgular rotation & are linear,and these are shown in figres

" 445,8,9,12,13,16,17 ),the involute profile error for each

. measured tooth ere shown in figures ( 6,7,10,11,14,15,18,19 )

Determination of Bage Re,d.ig

The bage radius is determined from equation 2,acoording to the
anpe of y and O relation,from the regression analysis these
relation can be considered linear with a high confidence
lim.t.

e are by way of example giving the description of a measur-
ement performed on the new ground xear with 42 teeth,the meag-
urements were taken upon the first teeth;its results are shown
in figures ( 4,6 ),the following ordinate values were found:-
0.593~0,601-0,605~0, 601-0 605=~0, 605—0.601—0.609—-0 601-0,603
0.,599~0,603r for @ = 1 or 0.017455 rad,

The average value of y = 0,603 ( y being the average of 12
readings ),so0 the base radius from equation 2

r
b " 5.017455

P =20 , we find thati-
Ty 34.546

I'P 1 +763 mm
cos 20 09397

= 360763 a2 0,5mN

73.526 -
That 1s to eay m = --Z;m-n = 1,7506  mm
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A normal module 1s 1.75,8tarting from this figure we £ind that

rb-O.SmK cos P
a 0.5x1,75x42x0,9397
= 34,534 mm

The value calculated is only 0,012 mm too larse.sb that the data
regarding the gear wheel are in this way very determinable,

The non linearity in the experimental results can be referred

~to the involute orror exist on the measured tooth,

The variability shown in the glopes of the measured values,:
indiocates variability in the values of the base radius,this
variability oan be aligned to the eccent¥ieity in the bage circle,
gince measurements are taken referred to0 intrimsio datum ( gear
ooncentric ) position with respect to the optical axis of the
instrument.By analysing the variabllity in the base radius value
the sccentricity of bage cirole can be detected.l‘he eccentridty
is approximately 15 um, :

Aocﬁracz .of Determination of Bese Radiug

Often in engineering problems the importent criterion fe a

~ ‘function of seversl independent varaiables.In our case base radius

Ty, is a funotion of two divided independent variables ( y/e ).
a. definition of the ditribution of the resultant function in-

‘te:mrvt the ocombinationof" dtstributtona“of independent variables

48 known as the " propagation of errors .In our case

v _ S. | . '
. 82 - ( S S )2 + ( ....E.!z---—- ) 3)



where

Sr = resultant standard deviation of the two variables

Sy = gtandard deviation of y coordinates

uy, = mean value of y coordinates
g = mean value of angle &

Sy = standard deviation of angle 6
from which 14 follows
2 2
2 1 2 Sg
S, = wmpge ( 87 + == )
r u%n ‘ v ug

2 &2

5
Since S§ 1s negligible with respect to *.32.2-9. y We may say
ug ,

S, ’
e L @

It appears that the precision of the angular measurements is
declsive for the degree of precision with which the base radius

is found.For the numerical example of tooth No.l which explained
before, the atandarg deviation S_ = 0,003 mm and let Sg = 0.1 m rad,
( epproximately 10 ).Resultant standard deviation from equation 4

0.603x0.1
Srﬂ ——————— 2“ = 20 um

Detection of Involute Profilé

As mentioned before the relation between the displacement in thm
direction tangent to the base circle y and the angular rotation @
is linear,any non linearity in the expermintal results can be
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referred to the involute profile error existed on the measured
tooth.For the numerical example of tooth No.l which explained

before, the mean value of the measured readings was found 0,603
mm, the deviation than that mean is the involute profile error

and it was found for that tooth to be equal to 10 um,as shown

in fig, 6;and so on for all the teeth,

CONCLUSIOR

An optical method for measuring the base radiuag and detecting

the error in the involute profile is introduced.The method provide
an accurate detexrmination of base radius and involute error,The
basic dimensions of gear can be dtermined using the measured base
radiug value,This method is practical,since no speclal instruments
for gears are necessary %o be used and can be applied using any
~optical metroscope avallable,
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