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Improved

Inspection Software
Helps Provide

Optimum

Gear Cutting Results

KLINGELNBERG MEASURING CENTERS ELI-
MINATE TRIAL-AND-ERROR WITH MODERN

ANALYSIS TOOLS

MLINGELNBERG

Figure 1—The P26 Gear Measuring Center from Klingelnberg now offers

advanced analysis software.

Improved software for assessing
gear deviations is creating a new gen-
eration of more efficient gear cutting
systems. Gear metrology and subse-

quent evaluation of test data play a
crucial role in the gear manufactur-
ing process. This is especially true if
gear quality specifications are not met,
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or if a component fails to achieve the
desired running behavior despite being
within tolerances. Whereas modern
gear measuring centers (Fig. 1) now
achieve very high performances and
possess a wide range of measurement
and evaluation functions, analysis of
gear variations and definition of suit-
able countermeasures still rely mainly
on empirical know-how.
Relying on Empirical Data

Although a broad spectrum of
remedial aids is stored in the machine
control, gear know-how and the expe-
rience of qualified operators are often
essential. This is particularly the
case if the selected quality criteria or
parameters (e.g. according to DIN
3962) do not sufficiently reflect the
required component design. This fre-
quently leads to systematic trial-and-
error procedures, which may involve
a whole series of iteration steps that
often fail to obtain an optimum solu-
tion (Fig. 2). Klingelnberg has devel-
oped an analytical tool that supports
detailed analysis of the diagrams (e.g.
profile line and tooth trace, pitch and
radial runout) to assist even the experi-
enced specialist.

The aim of the new software is to
support systematic solution-finding
and to identify and quantify non-appar-
ent influences. It provides four basic
functions, which are described in more
detail below.

Improvement through
Comparison

When a gear is tested, the shape
of the teeth is identified by means of
profile and tooth trace measurements,
usually on four teeth, and the posi-
tion of all teeth is determined by pitch
and radial runout measurements. With
the aid of machine support and in
some cases empirical know-how, the
numerical quality values calculated
from the variations are then converted
into remedial steps. This procedure is
usually reliable and simple. If it fails
to produce the desired result, consid-
eration of the variation curves them-



selves will be required.

In particular, the new software
optimally supports the comparison of
different test results. Figure 3 shows
an example of profile measurements
on two workpieces that have been
profile ground on different machines.
The profiles exhibit similar curves,
and the calculated parameters are also
the same. Only when they are shown
together does it become apparent that
the upper machine generates a much
greater scatter of the profile form.
Such a scatter could be due to a worn
grinding spindle, for example. By con-
trast, the reproducibility of the profile
on the lower grinding machine is very
high. Its remaining waviness could be
improved by optimizing the dressing
process.

The potential offered by compara-
tive curve displays is clear from this
example. There are other application
potentials in many other areas, such
as the investigation of hardening dis-
tortions, tool wear, noise problems
and production fluctuations, includ-
ing capability testing of processes,
machines and measuring devices.

Focusing on Tooth Thickness

Functionally, the tooth thickness
of a gear describes the clearance in
the installed state or the allowance
for post processing. Geometrically, it
represents a measurement that varies
over the diameter. It can be measured
directly by a gear inspection system or
coordinate measuring machine, or indi-
rectly in shop operation on the basis of
the base tangent length or the two-ball
dimension.

On gear measuring machines, the
profile and tooth trace variations for
various teeth are measured and pre-
sented as form variations in relation to
the desired form, without the curves
being related to one another in terms of
their position. The pitch variations are
also unrelated to the tooth thickness of
the individual tooth.

With the aid of Klingelnberg’s
new analysis software, it iS now pos-

sible to display all variation curves in
the correct positions in relation to one
another. The profile and tooth trace
curves (Fig. 4) are now displaced hori-
zontally in line with the existing pitch
variations and are offset to the desired
line by the amount of the base tangent
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length variations.

The pitch variations are likewise
shifted vertically from the desired
line by the amount of the base tan-
gent length variations. The relationship

of the form variations to the nominal
continued
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Figure 2—Comparison of the traditional quality optimization procedure with the
procedure available using modern software.
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Figure 3—Klingelnberg analysis software allows side-by-side comparison of pro-
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Figure 4—All variation curves are displayed in the correct positions relative to one

another.
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dimension can therefore be seen at a
glance.

The material side is shown in grey
for easier visualization. It is evident
from the example that the gear is
undersized in almost all areas.

Determining the Cause
of Variations

Gears have a highly complex
geometry, which must be manu-
factured with great accuracy.
Disturbances that occur in the produc-
tion process frequently affect several
quality attributes at the same time,

though in very different forms and
sizes. Deducing the causes of a qual-
ity problem from the measured varia-
tions requires a great deal of experi-
ence, especially if the influences are
superimposed. Here, the new analy-
sis software acts in a supporting role,
simulating the causes of variations
very simply through their influence
on the measured curves and qualita-
tively assigning existing variations in
the measured results to their causes.
The cause may usually be ascribed to
clamping errors during the production
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Figure 6—Waviness analysis allows a
frequency spectrum to be calculated
and displayed for each profile and
tooth trace on the basis of measured
variations.

Figure 7—Example waviness analysis
comparison between a noisy and quiet
gear.
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process or during measurement.

Positional deviations occur when
the center of the gear does not coincide
with the desired axis of rotation in the
installed state. Geometrically, varia-
tions in position are described as gear
eccentricity or wobble, as shown in
Figure 5. In the measured results, this
leads to a variation in the profile and
tooth trace direction and to sinusoidal
variations in radial runout and pitch
(Fig. 5, left).

On the one hand, the analysis soft-
ware enables the user to visualize the
effects of positional variations on gear
quality. On the other hand, the clamp-
ing errors resulting from positional
variations can be quantified and the
measured values ironed out to recti-
fy the respective defect rates (Fig. 5,
right). In this optimum position, the
remaining gear errors are clearly evi-
dent and can be analyzed and inter-
preted much more effectively.

Waviness Analysis
for Low-Noise Gears

Another feature of the analysis
software is waviness analysis. A fre-
quency spectrum is calculated and
displayed for each profile and tooth
trace on the basis of measured varia-
tions (Fig. 6). The dominant frequency
is plotted in the variation curve and
expressed as a parameter in terms of
amplitude and wave number. For pur-
poses of further analysis, the variation
curve is then rectified and the proce-
dure repeated as necessary for further
frequencies. The calculated frequen-
cies can be plotted individually or as
a mass curve, allowing comparison of
compensating curves with real varia-
tion curves.

Figure 7 illustrates a first appli-
cation of this new analysis option.
Following installation of a new batch
of ground gears, unacceptable noise
behavior was noted in the gearbox.
A comparison of measured values
between the new batch and reference
parts indicated the same frequencies
in the profile, but higher amplitudes



For more information:
Liebherr Gear Technology, Inc.
1465 Woodland Drive

Saline, Ml 48176-1259

Phone: (734) 429-7225
info.lgt@liebherr.com

(approx. 0.2 um), which could be
attributed to altered dressing condi-
tions for the grinding wheel. The tooth
trace exhibits a change in frequency
and amplitude caused by an increase in
the feed rate during grinding.
Valuable Support
Modern gear metrology not only
has to test gears as fast and reliably as
possible, but must also support produc-
tion in identifying the cause of errors.
Klingelnberg’s new variation analysis

Klingelnberg GmbH
Peterstrasse 45

D-42499 Huckeswagen
Germany
www.klingelnberg.com

software is intended to bring users a
step closer to this goal for a wide vari-
ety of problems and causes. Although
the software cannot replace the neces-
sary basic understanding of gear geom-
etry and production experience, it can
substantially support and simplify the
process of troubleshooting.

Lube-Sedl
Solution

OPTIMIZES
WIND APPLICATIONS

DTR. Your best choice for Hobs.

DTR is a world class supplier of the finest, high performance long life
hobs for small and large gear cutting applications. Established in
1976, we are one of the world’s largest producers of hobs, shipping
over 3,000 units per month.

DTR offers a full line of hobs AGMA, DIN, JIS and ISO standards,
modules ranging from 0.5 to 32, available in Class A, AA and AAA
tolerances. We can produce virtually any hob including involute,
worm, chain sprocket, timing pulley, serration, spline or special tooth
shape, and shaper cutters for auto, aerospace, wind, mining,
construction and other industrial gears.

Every hob is precision-made with the latest in coatings and high
speed steels (Grade M-2, M-35 or ASP 30, etc.) giving you the best
possible tool to achieve superior cutting. DTR uses top of the line
equipment including Reischauer CNC hob grinding and Klingelnberg
CNC sharpening and inspection equipment.

Learn more about our outstanding quality hobs at www.dragon.co.kr.
Call us at 847-375-8892 or
Email alex@dragon.co.kr for a quotation.

DT

PERFECTION MOVES US

(formerly Dragon Precision Tools)

U.S. Office Location (Chicago)
2400 E. Devon Ave., Suite 210, Des Plaines, IL 60018

PHONE: 847-375-8892
WWW.DRAGON.CO.KR FAX: 847-699-1022 FAX:

Allthe Honhs You Will Ever Needare Right Here

DTR has sales territories available.
Call for more information.

Headquarters
36B-11L, Namdong Industrial Complex, Namdong-Gu, Incheon, Korea

PHONE: +82.32.814.1540
+82.32.814.5381
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The Freudenberg Group embraces
a natural synergy with the Lube&Seal
package, jointly from Simrit and Kliiber
Lubrication, which combines the features
of lubrication and sealing to benefit the
greater system in wind turbine applica-
tions. The product integrates sealing lip
systems and lubricants to create a more
reliable tribological system.

“This is the first time we look at the
lubrication and seals as an entire system
instead of as individual components,”
says Tim Lomax, Simrit marketing com-
munications director. “If, as in the past,
each is regarded as completely indepen-
dent of the other, one may be maximized
at the expense of the other. For example,
additives may be blended with a grease
to give it certain lubrication properties
with no regard as to how those additives

affect the seal material. Certain additives
continued
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