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Abstract:
Strider reqWre.ments are being imposed on

heavy duty gears in terms of running behavior
and load carrying capacity.Purthermere, the
expanding teclmiquesin the field of gear
mjU\ufacturing are demanding 'the develop-
ment of suitable designing methods for tooth
flank corrections. In order to calrulate these
corrections, the spatial stress and deformation
state in the mesh has to be determined. This
article reports on the further development of a
finite element calculation method into an op-
timizing and designing system for flank OOITec-

tions on spur and helical gears.

Main Influences on the Bearing Capacity
and Run_ning Behavior of Gears

The load carrying behavior of gears is
strongly influenced by local stress concen-
trations in the tooth root and by Hertzian
pressure peaks in the tooth flanks pro-
duced by geometric deviations associated
with manufacturing, assembly and defor-
mation processes, The dynam:iceffects
within. the mesh areessentially determined
by the engagement shock, the parametric
excitation and also by the deviant tooth
geometry, (1)

The engagement shock results from a
displaced starting point ofengagement
due to rotational deviations or pitch errors
within the gear system. This transferred
start of engagement is located outside the
plane of action. Here deviations occur in
the value and direction of the normal
velocity 'components of the contacting
tooth flanks; thus, vectorial difference
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F'lg. 1- (upper left) Objectives of
tooth flank corrections:
• reduction of pressure peaks
• decrease ofdisplacement senstvity
• diminishing of engagement shocks
• lessening of parametric excitation

Fig. 2- (below) Basic principles of
contact analysis of loaded gears ..
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These precision Bryant CNC grinders, the finest
available anywhere, are ideally suited for either
short-run or high production performance. Our
Teachable® III CNC unit permits us to precision
grind parts so varied in size and shape (even
out-at-round intentionally) that you wouldn't
believe the same type of machine could do it all.
They perform contour grinding - both rotary and
linear, vector grinding, conjugate grinding, and
simultaneously or sequentially grind multiple
surfaces in a single set-up to provide ultimate
precision and concentricity.
Our time-tested Commonponeni® construction
permits the use of identical slides, drives, ball
screws, controllers, dressers, etc. on either
machine. That's one reason why they are so
flexible, precise - and affordable. Commonality
of parts - bet your bottom line will love it! We
offer slide resolutions as fine as 0.000001" and
when it comes 10 sizing capability, we've got it.
The Lectraline machines offer the world's
widest capacity range- 0.040" to 88" in
diameter with strokes up to 7 feet. They come
in over a half-dozen standard configurations
to suit your exact requirements.

The Lectraform grinders can handle parts
from 0.050" to 24· 00 and are available in
two standard slide arrangements. Unlike other
manufacturers a compound slide is out of the
question. The closer that big grinding wheel is to
the bearing support, and the Lectraform can use
larger wheels than other makes, the greater the
precision - and that's the name of the game.
Tell us what you have to grind and we'll show you
how to do it - precisely. Bryant Grinder Corporation,
Springfield, Vermont 05156, (802) 885-5161.

BRYANT GRINDER CO'R,PORATIOiN
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Fig. 3-Optimization of tooth Hank corrections.
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Fig. 4-0ptimized three-dimensional correction. with basic gear data.

gear data:

lin ; 7 IIIiII

Z, = 27
l2 ; 28

x, -0,006

x2 -0.031

fa" '.55

Et3 = 1.00
Il:n = 20·
fj = li6·

b ; 78,8 !11111

a = 200 ..

'1 = 4820 NIl

brings about an unwanted impact speed
and shockacnvation.V'

The parametric excitation is a conse-
quence of t.hechanging number of mating
teeth and the contact line movement over
the tooth flank during engagement. As a
result, a periodic modulation of the mesh
stiffness follows and induces rotational
deviations and activates unwanted vibra-
tions, even when the outer load f.or the
gear is constant. (3)

Geometry of Bank Corrections
for Helical Gears

The flank geometry of helical gears can
be modified in various ways with respect
to manufacturing requirements and the
differential improvements on the bearing
capacity and dynamic behavior, Fig, 1
gives an overview of the principle correc-
tionforms.

Hanl. corrections in the direction of
tooth depth as shown inFig. la are simply
carried out by involute tip or root reliefs.
In this case, the part of the flank to be
taken back consists of a corrected involute
profile, which is defined by a. modified
base circle diameter and by the intersec-
tion point with the uncorrected involute
curve, This is achieved by tools having a
basic rack system with altered profile
angles or by using a modified working
pitch diameter at generation. Another
form of profile correction which has a
smooth transition to the original, uncor-
rected involute curve is manufactured by
tools with crowned basic rack profiles .
Profile corrections are mostly used to
decrease the engagement shock and the in-
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volved strain and noise,
longitudinal. flank corrections in the

direction of the fac,e width (Fig, tb) are
used to attain. a, low displacement sen-
sitivityand to avoidstl'ain peaks ocruring
due to displaced positions of the gear axis
('twisting, tilt) or helix deviations of the
Hanks,

For hehcsl gears, a correction running
parallel to the lines ofeontact is advan-
tageous. (See Fig. Ie.) The intersection line
of the corrected and uncorrected area is
identical to a line of contact between the
mating teeth, The maximum correction
val!ue is found at the end or starting point
,of the engagement. The corrections are
carried out by helical invol.ute areas which
are mathematically defined by a modified
base cirdeand an additional incremental
change made in the helix angle, This f.onn
of flank correction has the advantage 'of
producing a smaller loss in. the contact
ratio, so that the geometric correction
may have a greater r,oning length and
more beneficial normal vector conditions.

The correction fonns described above
are to a eertain extent funited in optimiz-
ing the rumnngbehavior and load carry-
ir!g capacity. because the flank corrections
do not meet the gear geometry and mating
conditions adequately, These conditions
can be met by using three dimensional
(oHen called topologjc(4l) flank correc-
Hon~ (See F.ig. ld.), which are character-
ized by variable correction forms inboth
directions of tooth depth and face
width,(Sl There are, however, various
marginaiconditions which have to be
taken into, consideration. these being the
continuity of dilierentials.minimumcon-
tact ratio, rolling conditions and manufac-
turing processes. (l)

Optimizing Method Based m, Finite
Element Ca!letdatwons

To obtain. the required starting position
to optimize flankcorrections. one has to
return to the basic principles of contact
analysis ,of loaded gears illustrated in
fig. 2. The continuous, spatial load defor-
mation problem is replaced by a system of
discrete contact points. defined by a
matrix with deformation indicies !a-I, a
load vector {F}and a vector containing
contact distances [s], which describes the
geometric flank deviations or corrections.
The equation system is then set up for dif-
ferent rolling positions and is solved by
considering Ithe marginal conditions con-
c,eming the 'totalload and the rigid body
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displacement. (6) The results provide in-
formation on the load and pressure
distribution on the field of action and the
shape of the rotational deviation curves,
which is influenced by the alternating
mesh stiffness. It becomes clear, therefore,
f.haf Ioad distribution and mesh stiffness
are direct functions of the correction to-
pography. The pliability indicies tal are
calculated by finite element structures of

the mesh and analytical models of shafts
and bearings.

This contact analysis is the central start-
ing point to optimize tooth flank correc-
tions ..(See Fig. 3.) By varying thecorrec-
tion topography, a beneficial load and
pressure distribution on the flanks, a I'ow
displacement sensitivity and a lower
dynamic activation can be achieved.

The con tad and deformation analysis,
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as described above, presents all the criteria
necessary to assess a particular correction
with regard to the various objectives. The
mathematical variation provides informa-
tion regarding the trends and dependent
variables of the topography and the target
objectives, so that the correction can be
improved in a stepwise fashion. This
numeric process has to be repeated several
times after checking that all the restricting
marginal conditions are met.

Other research developments at WZl
concern the simulation of grinding proc-
esses for corrected tooth flanks, whereby
correction movements and contact condi-
tions are analyzed ..Control data for NC
grinding machines are also generatedPJ

Calculated Examples
The following section contains the

calculation results of two flank corrections
for typical helical gears in industrial. use ..
Fig. 4 shows an optimized three-dimen-
sional correction with the basic gear data ..
The correction values are drawn up on the
plane of action with a maximum relief of
approximately40p.m. In the middle of the
engagement area an uncoerected region
ensuring a contact ratio greater than 1.0
can be seen. f1) The correction topography
is observed to run parallel to the original
involute flank at the approach contact,
which is favorable fQr lowerexcuation
produced by engagement shocks,

The calculated tooth loads for a full
cycle of meshing contact are illustrated in
Fig. 5. A lower force level at the start of
engagement and a shallower Ioadreeep-
tion gradient for the corrected gear ean be
seen dearly. The pressure distribution on
the plane of action depicts lower strains
for the corrected gear, and the pressure
peaks have been successfully reduced
where the contact lines end at the root ·0£
one of the mating teeth.

InFig. 6 the periodic courses of the total
mesh stiffness are drawn up on one base
pitch. The specific range of variation
which is characteristic for the intensity of
the pararnetricexcitation could be reduced
by the three-dimensional flank correction
from 3.3% to 0'.9%. The simulation of the
dynamic behavior of the gear at various
rotational speeds shows that the max-
imum dynamic load factor Kv could be
decreased from 1.17 to 1.06., This is
achieved by depressing the maximum
resonance peaks as well as the first and
second order Fourier coefficients of the



• Eliminates need for skilled operators as th unit is
automatic. Unit can be retro·fit for use with automatic infeed.

You need Nonnac's Fonnaster CNC Grinding Wheel Promer

The Fonnaster gives you inspection guageacQlracy
Normae guarantees an accuracy of! .0001" (.002 mm)
from programed dimensions and provides less than .000 l"
(.002 mm) positioning error throughout total slide travel.

Easily adaptable to meet your need.
The Formaster is designed to mount easily on nearly any type of
grinding machine. It is compact and lightweight and just a
mounting bracket and only minor machine modiflcations are
required for installation on most grinders. Inslallation usually
takes one day or less.

The unique features of Normae's
Fonnaster ..
.' The unit is totally seal'ed and air- purged for
trouble-free operation and protection from
coolant oontamination.

• Double nut pre-loaded roller screws
transmit servo motor to slide movement.

• Optional rotary diamond dressing wheel
attachment provides greater accuracy and
e'liminates error caused by single point
diamond wear.

Fonnaster users have reported
lncreased produdiionand greater
aoourag-.
• Increase in wheel: li~eof up to 8·10 times
'longer than with other units.

'. Production increases up to 20% in the first
two weeks of use.

• Set-uptime is reduced to 80% of what it
used to be with improved surface integrity
of the parts.

Now Nonnac offers you software Jar the Fonnaster
fOIi automatic pliogramgeneration.
Normac has develop d optional software 'that runs on a
personal computer in a question and answer format It aHows
the user to enter part print specifications (including root and
profile modifications) in standard gear nomenclature. The
program outputs :N.C code iloaded into the Formaster control
for wheel profiling, and also detailed printouts suitable for

gear profile analysis. This software contains logic for all
types of root zone grinding, true involute and

i exponential Rank modifications as weJlas "Proudn ss"
of the entire profile as indicated! in the K·diagram above.

Let us show you what the Fonnaster can
do for your grinding operaUons

If you would like. we can arrange a demonstration
of the Formaster for you. CaU or write us today.

NORMAC, INC.
P.O. Box 69

Arden, N.C. ,28704
(704) ,684·1002

P.O. Box 207
Nol1hvllle, MI 48167

(31,3) 349·2644
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mesh stiffness course.
Clear improvements of the dynamic

and bearing behavior can be achieved also
by geometrically simple correction forms.
(See Fig. 7.) Here the results of the tooth
contact analysis ofa loaded helical gear
for the corrected and the uncorrected case
are illustrated. The tooth flank correction
consists of longitudinal end reliefs and two
involute profile corrections, The relief
lengths and values were optimized in the
method described previously.

The corrected gear shows several op-
timized characteristics. These are
• a much smoother mesh stiffness curve

with a smaller specific variational
range,

• a reduction of the force levels at the
beginning and end of engagement,

• a lower load reception gradient,
.' a.well-balanced and lower pressure

course.
The unmodified area. on the middle

flanks of the corrected gear is sufficient to
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Eliminate Carburizing P!roblems,

Commercial Processing
• COmplete high tech lab
• ln-house, high powered radio

frequency

• Full production quantmes- large
or small

• Development or heat treat
patterns and specifications

• Prototylles for test purposes

Induction AdY,antages
'. Greatly reduces distortion
'. Minimizes part finishing require'

ments
• Facilitates cellular and in-line

processing
• instant start-u p and sh ut down
'. Individual part quality control
• Exclusive process Signatu re

monitoring -

World Wide L,eaders
Inductoheat IS the leader
IrI inducuon hardening .
technology.

Now we have developed
advanced the process of contour
gear hardening. The experience
and resources of our international
opera~ons have been combined
to :brmg you this new technology.
Calltooay and we will show you the
advantages of contour gear

•

- hardening and how it
will benefit you.

I _NDUCTOHIIAT
32251 North AVIS Drive
Madison Heights, M14!W71
(313) 585-9393 TWX 61 (1.232·5208
1'~4.6<'91 FAX(313)SS9-1062

Manuf.c1urlng PI.ntl In:
.. Australia. Belg!um • Brazil., England
• France ,. India 'II' Japan. Taiwan
• U.S.A. 11.11,TX) .' West Germany
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ensure that a minimum contact ratio of
1,.10 is achieved; thereby guaranteeing a:
smooth operation, free from kinematic
and dynamic disturbances.

Conclusions
A method is given for optimizing

various forms of tooth flank corrections
with regard to the load carrying capacity
and the running behavior of spur or
helical gears. Two examples for corrected
gears 'confirm that it ispossible to optimize
flank corrections at the designing stage
and to make empirical attempts un-
necessary,

Even when flanks are corrected by sim-
ple geometric modifications which do not
require advanced manufacturing meth-
ods, the gear characteristics can be im-
proved so that an increased transferable
power and a reduction in noise emission is
achieved. A more complex correction
topography allows for an optimum con-
formation with the gear geometry and the
engagement conditions, while, at the same
time, keeping the correction topography
within manufacturing restrictions.

It becomes dear that this new calcula-
tion makes it possible to influenceall
essential effects which determine the
dynamic and load carrying behavior in a
specific way.
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