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Abstract

The geometrical accuracy of the 3 dimensional tooth form is one of the most important items to insure the performance of
gears. For cylindrical involute gears, tooth form checkers are available and are widely used to fulfil this industrial and
technological demand. For beveland hypoid gears though, the development in this field is still not well done. This report
explains the special items to be solved to realize the curve measurement of the tooth flank of bevel and hypoid gears and
introduce the tooth form checker that has solved these problems. The example of utilization of this checker for quality
control of hypoid gears in mass-production in Japanese automotive industries to realize a quiet, final hypoid gear drive is

introduced. ) ‘ ’
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1. Introduction

. The geometrical accuracy of 3 dimensional tooth flank

form is one of the most important items to insure the
performance of gears. For cylindrical involute gears, tooth
form checker is widely used to fulfill this techno-industrial
demands. For bevel and hypoid gears although, the
development of tooth form checker is still not well done.
The conventional measurement was carried out usually at 9
X 5 matrix points on a tooth flank, and it is not easy to
estimate the gear performance from that measured results.
The lack of the number of measuring points makes it
difficult to get necessary information, for instance, about
heat-treatment distortion and about the state of lapping
removal. The measuring technology of the curved figure
of tooth flank, accurately in position and in absolute vgiue
of measurement, is therefore strongly demanded for the
quality control of those gears.

The first attempt of the development of hypoid gear checker
to fulfil the industrial demand mentioned above began in
the later years of 1970’s. This report explains how the
curve measurement of the tooth flank of bevel and hypoid
gears is realized through the continuous work of the
development based on the original work!!} and the accuracy
of the measurement is discussed. The example of

utilization of this checker for quality control of hypoid
gears in mass-production in Japanese automotive industry
to realize quiet final hypoid gear drive is introduced.

e -

2. Measurement of tooth flank form deviation

The form accuracy of machine parts is described on the
design drawing and tooth flank form accuracy of gears is
defined on the coordinate system fixed to the gear.

When we measure the form deviation of gear tooth flank by
using 3D coordinate machine or by gear checker, the
displacement of the center of the contacting ball at the tip of
probe stylus is obtained as the corrective value of the soll-
position that is controlled by the scales of the checker, that
is, the measured values are obtained on the coordinate
system of the checker.
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- “Actual tooth
q flank to be
Reference ; “\, measured
tooth flank 3
for the definition : \
of form accuracy | :
L—/ Coordinate
| system of
x [// the chec ker
A: Point at which the form deviation is defined v

: B: C di i
+1 730-2 Mikuriya, Higashi Osaka 577-0032; Fax.(J)-6-782-0649 orresponding point of A on the actual surface

*2 1 Toyotacho, Toyoda City 471-8572; Fax.(J)-565-23-5757
*3  3-45 Akatsukicho, Seto City 489-0071; Fax. (J)-561-48-0115
*4 Dept.Prec.Eng,, Kyoto 606-8501; Fax.(J)-75-771-7286

AB: Form deviation measured on the checker's scale coordinates
Documents

Fig.1 What is form accuracy of gear (oo flank?
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Fig.2 Measurement of form accuracy of gear tooth flank by CNC gear checker and conversion of data inside

For the quality control of the geometrical form accuracy of
gear teeth, it is necessary to convert these positional values
of tooth flank in 3D space of gear checker’s scales into the
form accuracy or form deviation of the tooth flank, that is
to convert these values into the values on the coordinate
systém of the objective gear. For this purpose, the zero
point adjustment of checker scales is first done by
measuring the datum surface of the objective gear by the
same probe of the checker.

Form deviation is the deviation of the position of the actual
tooth flank to be measured from the reference tooth flank
for the definition of form accuracy, i.e. ABin Fig.1. In
case of CNC gear checker, this reference tooth flank is
given by the numerical data. For example, at the
measurement of cylindrical involute gear teeth, the 3D
coordinate values of involute helicoid are converted to the
gear checker’s scale values to drive the probe along the
reference surface for the definition of the form accuracy of
gear tooth flank. Fig.2 illustrates the relation between
hardware and software to measure form accuracy of tooth
flanks by CNC gear checker.

3. Nature of hypoid or bevel gear tooth
* measurement

It is interesting that so much percentage of gear engineers
and gear researchers knows only cylindrical involute gears

Cear Manf cturers Association, Inc.
FahdIM A Ser vi ces

and hardly knows the fundamental about hypoid or bevel
gears. They usually extrapolate their thought about
cylindrical involute gears to the hypoid or bevel gears and
sometimes that extrapolation is not correct.

-

To measure the tooth flank form accuracy of hypoid or ’
bevel gears, the first difficulty is that the reference tooth
flank for the definition of form accuracy is not uniquely
approved: This is the main difference from the case of
cylindrical involute gears and the reason why the tooth
form accuracy of hypoid or bevel gears is not defined in

any national or international Standards.

The Gleason and Klingelnberg companies propose to use
the trajectory surface of cutter blade to the work piece at
gear cutting for the reference of the definition of form
accuracy. The main trouble is that the reference surface
becomes the function of setting parameters or summary
data of each type of gear cutting machine and it is not
expressed by explicit mathematical formulae. Compare this
fact with the case of cylindrical involute gears whose
reference for the definition of tooth flank form deviation is
involute helicoid that is a well known mathematical
function.

The quality control of hypoid or bevel gears is usually
carried out by observation of contact pattern of tooth flan
and this brings another difficulty. The operator of gear

Lociiaents

settings according to the'( ¢: pcii=nqe to.obtain th-specified

cutting machine or lapping machin
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' contact pattern, where the record of machine setting Dimensions of wheel \pimensions of pinion\

parameters the operator used is usually not stored.

erting for whee! Settim n;df;d;:::?;n\
i 1 1 setting for
. That means the informatjon to establish the reference ] \(foe formate neghod o (for genarate method)
. for the definition of tooth flank form accuracy is lost. gear gear Y
— Calculation of =1 Calcylation of
> tooth flank of wheel 5 tooth flank of pinion
. b = Reference tooth g = Reference tooth
Hypoid or bevel gears are usually heat treated after s surface 3 surface
Sl . . . o .
tooth cutting and lapped. Distortion or deformation x Calculating] |& Calculating
: . K] tooth flank | [& tooth flank
of the gear through heat treatment process is - ‘ p ©
° Iy ry F=4 . .
considerably large, and the datum surface of the work 8 Modifying| 18 Hodifying
. . . .. o machine 2 setting
- piece at the gear cutting loses its position. After the £ setting I
. . 2 9 .
heat treatment, the datum surface of the wor piece is 3 Thecking——acl: £ Checking
£ | form deviation =] form deviation

regenerated by holding the distorted tooth flank. Gear

0.K. * 0.k

lapping is then carried out on this new datum surface
that is different datum from that of the gear cutting. \ oggg“.’{".‘gni > Contact pattern, Transmission error, |]

Y Aty My S— S— ——— — S——— — 4

Load distribution on contact area,

The reference surface for the definition of tooth flank Vibrational exitation
form accuracy is obtained on the old datum and the ,
. N Checking N.G.
conversion of the measured data of objective tooth gontact pattern
flank stored as the gear checker’s scale data to the ) 0.K.
data defined on the coordinate system fixed to the Fillet stress,
L Contact stress,
objective gear to evaluate the form accuracy becomes Flash temperature
 therefore less accurate. For the case of cylindrical Fig3 Algorithm to calculate hypoid gear performance, when the
involute gears, such problem also exists, but for nominally generated tooth flank form of pinion is incorporated

. . . as the reference of the form accuracy of pinion
hypoid or bevel gears this problem becomes serious &

because of its complexity in three dimensional figure.

. . . The tooth flank form of the bevel/hypoid gears is
complicated 3D figure and its measurement with the

\Dimensions of pinion\ CNC machine has to be carried out by the synchronous

—— control of multi-axes. For some kind of gear
ndard machine Final machine setting . . e . . .
\ setting of wheel summary of pinion dimensions, it is impossible to avoid the quadrant
(for formate method) (for generate method)
: change of NC scales of the checker during the
Calculation of tooth Conjugate tooth flank A o .
flank for wheel . * |3 for pinion Catcalation of measurement. Some inevitable influence such as lost
’ /= Reference tooth surface = Reference tooth surface tooth flank of . . . .
‘ of wheel : of pinion Al pinion motion and other non linearity are getting in the
F- 7 ) . . - . - .
23 A A o measurement. To minimize the data discontinuity at
B ati Geometrical — 7185 ) i
Form deviation of sl I 1 flA]1Sg ¢ i
~§8 wheo) tooth flask| ALcontact line pgg?oge‘{;ggcgign K ;; 5 the quadrant change, very precise machine hardware is
2. ’ " -
§ k] A Composite error e E™ necessary.
= sur face e A
S £
KolB % N To measure the tooth flank of bevel/hypoid gears, the
< b Deciding tt:gnﬁctkpoint g Y paid gears,
18 § on too T = & contacting position on the surface of ball at the tip of
E 2 sl ® . L
3 5| Foontoct vattern, Trancoiasion error } 3 probe stylus is not a fixed point: it moves over the
. SJ JiLoad distribution on contact area, | e surface of the ball. This brings difficult problem to
8 of pinton tooth compensate the influence of the radius of the ball from
Macro geometr y
of wheel toot Fillet stress, the measured data for the form accuracy of gear tooth.
Contact stress, X ’
Flash temperature The maintenance of probe stylus of the checker is very

A :Analysis without measuring tooth flank form

's wi > important.
A’ :Analysis with measuring tooth flank form
. B’ :Detailed stress analysis
Fig4 Algorithm to calculate hypoid gear performance, when the Hypoid or bevel gear wheel and pinion s cut with quite
conjugate pinion tooth flank form to the gear tooth flank is different machine. The conventional &Qme ntS

incorporated as the reference of the form accuracy of pinion

COPYRI GHT Anerican Gear Manufacturers Associ‘ation, Inc. ~ 3/13-
Li cEngeauByEnt afet ration Handli'hg” Ser vi ces


http://www.avadocuments.com/doc/agma-98ftm7-1998
http://www.avadocuments.com/doc/agma-98ftm7-1998

