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KISSsofi
Intfroduces
New Features
with Latest
Release

Tooth contact under load is an
important verification of the real con-
tact conditions of a gear pair and an
important add-on to the strength cal-
culation according to standards such
as ISO, AGMA or DIN. The contact
analysis simulates the meshing of the
two flanks over the complete meshing
cycle and is therefore able to consider
individual modifications on the flank
at each meshing position.

The tooth contact analysis (TCA) is
therefore mainly used to reduce noise
that is caused by the effect of shock
load at meshing entry due to elastic
bending of the loaded teeth. It is fur-
ther used to optimize load distribution
by analyzing the effectiveness of gear
profile modifications considering the
misalignment of the gear axis due to
shaft and bearing deformation under
load.

Basic Calculation Method

The tooth contact analysis simu-
lates the meshing contact assuming a
constant nominal torque. The calcula-
tion procedure has been defined by
Peterson: For a given pinion rolling
position (rotation angle ¢,) the cor-
responding gear rolling position ¢, is
determined with an iterative calcula-
tion (Fig. 1).

The calculation considers the local
elastic deformation due to several
effects and the corresponding stiffness-
es which appear under load: stiffness
from bending and shear deformation
c,, stiffness from Hertzian flattening
c,, and bending stiffness of the tooth in
gear body rim c,,.

This calculation procedure is

repeated for the entire meshing cycle.
Comparisons with FE calculations
showed a very good correlation.

The final stresses include the load
increasing factors calculated by the
standard, such as application factor K,
dynamic factor K, and load distribu-
tion factor Ky in planetary gears or
gear pairs. For the tooth root stress,
the gear rim factor Y, according to
IS06336 is also considered.

Before the release of KISSsoft
04-2010, the load distribution factors
Ky, > Ky for Hertzian pressure and
K, KF[i for root stress were consid-
ered. This has been changed for the
enhanced tooth contact analysis.

What’s New in Version 04-2010?

With KISSsoft 04-2010, the TCA
for cylindrical gears has improved sig-
nificantly. In addition to the preced-
ing releases, the stiffness model was
extended to better take the load dis-
tribution in the width direction into
account, which is a significant charac-
teristic of helical gears, but also other
effects are now considered, finalizing
in the 3-D display of results.

Coupling between the slices. For
a tooth contact between helical gears,
the meshing field is different than for
spur gears. The contact lines for a spur
gear are parallel to the root line, and
herewith also the load distribution in
length direction is uniform. The con-
tact lines for a helical gear are diagonal
over the tooth, which means the load
is not uniformly distributed over the
length of the tooth. Still the unload-
ed part of the tooth has a supporting
effect and influences the deformation
of the tooth as well. This supporting
effect of the unloaded areas has to be
considered for the contact analysis of
helical gears.

For this purpose, in KISSsoft
04-2010, the gear is in lengthwise
direction, divided in slices. The single
slices are then connected between each
other with the coupling stiffness c_ so
that a supporting effect between the
slices can be considered (Fig. 2).
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Figure 1—Tooth contact analyses
according to Peterson.

Figure 2—Stiffness model according to
Peterson and KISSsoft 04-2010.

Figure 3—Decreased rigidity on the
side borders.
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c,, stiffness tooth root following
Peterson

c, stiffness from bending and shear
deformation

Cp  stiffness from deformation
through rotation in the gear
blank

c stiffness from Herztian flatten-

ing following Peterson

The coupling stiffness c,. is defined
as follows:

c.=004-A%:c,.
C. coupling stiffness
A Number of slices

sec

The coupling stiffness is related to
the contact stiffness and hence individ-
ual for each gear pair, and is verified
for different gear types with FE calcu-
lations and other established software.
The number of slices A, depends on
the accuracy setting which is defined
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Figure 4a—Previous KISSsoft release
shows constant normal force (line load)
over face width.

Figure 4b—KISSsoft 04-2010 shows the
increased normal force (line load) at
edges of contact area.
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from the user. However, the single
coupling stiffness c_. is defined in a
way that the system coupling stiffness
is independent of the number of slices
and therewith also independent of the
user settings.

In Figure 4, the same gear calcu-
lation is compared between KISSsoft
04-2010 and the previous release. It is
a spur gear (helix angle f= 0°) with
a larger face width for the pinion (b,
= 50 mm) than for the gear (b, = 44
mm). The supporting effect of the
unloaded face area outside the meshing
contact causes an increased edge pres-
sure within the meshing contact. This
effect can now be considered with the
coupling stiffness between the slices.

In the previous KISSsoft releases,
the forces remain constant (Fig. 4a),
whereas in KISSsoft 04-2010, the nor-
mal force at outer ends of meshing
contact is increased (Fig. 4b). Note
that Figure 4a shows the pinion face
width b, = 50 mm, whereas in Figure
4b only the common face width b = 44
mm is displayed.

Decreased stiffness on the side bor-
ders of helical gears. For helical gears,
the tooth may be cut by the cylindrical
bodies (Fig. 3), which results in reduced
tooth thickness s, compared to a tooth
that is not cut having a tooth thickness
s,. Whenever force is applied to the
tooth with reduced tooth thickness, it
will result in higher deformation due
to lower stiffness. This effect is consid-
ered with the reduced coupling stiffness
Chor poraer TOT the slices of teeth.

In KISSsoft 04-2010, the follow-
ing formula is applied, which is also
verified with FE calculation and other
established software.

S
=Cpy 3 @
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CPet _border

Chu boier COUPling stiffness for slices with
- reduced tooth thickness

standard coupling stiffness
reduced tooth thickness at border

standard tooth thickness

In Figure 5, the same gear calcu-
lation is compared between KISSsoft
04-2010 and the previous release. It
is a helical gear (helix angle = 15°)
with the equal face width b = 44 mm.
In the previous releases the effect of
reduced coupling stiffness at border
wasn’t considered; therefore the nor-
mal force (line load) at border isn’t
increased. In KISSsoft 04-2010, the
normal force at the start as well as end
of contact is increased.

Revised calculation of tooth stiff-
ness of helical gears. For helical
gears, the contact stiffness Cpyy follow-
ing Peterson is calculated based on
the effective tooth form in normal sec-
tion. In earlier KISSsoft versions, the
tooth form was based on the transverse
section multiplied by the factor cos
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Figure 5a—Previous releases don’t
show higher normal forces (line load)
at ends.
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Figure 5b— KISSsoft 04-2010 shows
higher normal forces (line load) at
start and end of contact.
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[, which is a less accurate procedure.
Therefore the results slightly differ
between this and older releases.

In Figure 6, the same gear calcu-
lation is compared between KISSsoft
04-2010 and the previous release. It
is a helical gear (helix angle B = 15°)
with the equal face width b = 44 mm.
In KISSsoft 04-2010, the tooth stiffness
is slightly different from the previ-
ous KISSsoft release. Since the trans-
mission error is strongly related to the
stiffness, the transmission error slight-
ly differs, too.

Load distribution considerations.
In previous KISSsoft releases, it was
not possible to consider any unequal
load distribution correctly since the
slices were not coupled. Therefore
the load distribution was added tak-
ing the factors KH , KH as well as
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Figure 6a—Previous releases calculate
slightly higher tooth contact stiffness.
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Figure6b—KISSsoft 04-2010 calculates
slightly lower tooth contact stiffness.

KF,, KF, (ISO) and K, (AGMA)
from the standards calculation. These
were multiplied to the stresses from
the tooth contact analysis. In KISSsoft
04-2010 these factors are no longer
used. However, the displayed stresses
are still multiplied with the applica-
tion factor K,, dynamic factor K, and

STARTS HERE

Erasteel PM and H5S
The best steels for premium tools

www.erasteelamerica.com = Call 800.365.1152

load distribution factor K, in planetary
gears or gear pairs.

In Figure 7, the same gear calcu-
lation is compared between KISSsoft
04-2010 and the previous release. It is
a spur gear (helix angle B = 0°) with
the equal face width b = 44 mm. It’s

continved
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an overhang design, meaning the gear
is outside the bearings. This results in
an increased load distribution factor
according to ISO standard calculation
with KH; =1.27 and KH =1.0.

The tooth contact calculation is
done without considering any mis-
alignment of the gear axis; values for

deviation error and inclination error
are set as 0. In KISSsoft 04-2010, flank
pressure and root stresses are lower
compared to the previous release. For
a realistic contact analysis, the gear
axis misalignments should be defined
with shaft and bearing calculations,
i.e., from KISSsys.

Why Grind and Groan? Just...

Fassler Corporation
131 W. Layton Avenue, Suite 308, Milwaukee, WI 53207
Phone +1 (414) 769-0072 , Fax +1 (414) 769-8610 4 Email usa@faessler-ag.ch
www.faessler-ag.ch
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Calculation of Hertzian pressure.
The calculation of the Hertzian stress
is based on the Hertzian law in the
contact of two cylinders. This gives
realistic results in most situations.
However, a problem is encountered
when the contact is on a corner of
the flank, i.e., corner at the tip diam-
eter, corner at the beginning of a lin-
ear profile modification or corner at
the beginning of an undercut. Then

Figure 7a—Previous releases consider
load distribution factors in tooth con-
tact analysis.
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Figure7b—KISSsoft 04-2010 doesn’t
consider load distribution factors from
standard calculation.
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Figure 8a—High pressure peak due to
no tip rounding.


mailto:sales@sunnen.com
http://www.sunnen.com
http://www.geartehnology.com/ctr.php?source=EGT0910&dest=http://www.faessler-ag.ch

the radius of curvature becomes very
small, which results in a high peak of
Hertzian stress calculation. This is not
a realistic issue, because the part of the
flank near to the corner will be joined
in the contact. An algorithm checking
the joining flank parts and increasing
the radius of curvature is implemented.
However, it may be that high peaks
still remain. KISSsoft recommends
adding a realistic radius to the corners
and using circular profile modifica-
tions instead of linear.

In Figure 8, the same gear calcu-
lation is compared between KISSsoft
04-2010 and the previous release.
It is a spur gear (helix angle B = 0°)
with the equal face width b = 44 mm.
In Figure 8a there is no tip rounding
applied, whereas in Figure 8b there is
a tip rounding of 0.5 mm. The pressure
peaks are drastically reduced with the
tip rounding.

3-D Display
With KISSsoft 04-2010 the graphi-
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Figure 8b—Much lower pressure with
tip rounding of 0.5 mm.

Figure 9—3-D presentation of stress
level.

cal evaluation has been enhanced with
3-D graphics. However, the 2-D graph-
ics remain as a good comparison to
the previous releases. The 3-D graph-
ics show a three-axis diagram, where
the color indicates the stress level.
In some cases there may be points
where the stress data is missing. In
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such cases the colors are interpolat-
ed directly between two neighboring
stress data values. This may result in
unequal color display. Figure 9 shows
an example of this effect at start and
end of contact.
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F information:
KSSSOft USA, LLG. Shot Peen-
3719 North Spring Grove Rd

Johnsburg, IL 60051 ' Ing SYStem

Phone: (815) 363-8823
Fax: (815) 363-8832

oskesoteon DESIGNED FOR
AEROSPACE GEARS

- Guyson Corporation has intro-
duced a 7-axis robotic pressure-blast
shot peening system that is designed
to support compliance with the most
demanding process specifications and
to enable automated peening of a wide
variety of dissimilar components. The
Model RB-10 was developed for tech-
nical surface treatment of gears and
aerospace components.

The 60 x 60 x 60-inch blast cabi-
net is mated with a 6-axis robot, such
as the FANUC MI10iA, as a blast
nozzle manipulator. The shot peening
machine’s rotary table has a diameter
of up to 52 inches and is servomotor
driven to be controlled as a seventh
axis of robotic motion.

Locating hardware is provided to
allow interchangeable component-

Excepﬂu“al qual“y and far.reanhing holding fixtures to be positively and

—— . repeatably positioned on the turntable.
ca pa bilities ... combined During the shot peening cycle, the

orientation of the component and the
motion of the robotic nozzle manipula-
tor are synchronized to precisely rep-
licate the programmed tool path, fol-

You could travel the world and not find a gear manufacturer who
combines a range of capabilities, exceptional quality and commitment to
customer service the way Schafer Gear does.

Located in America’s heartland, our connections to partners and resources lowing the contours of complex-shaped
are truly worldwide. We produce top quality gears of all varieties from parts, yet constantly and accurately
spur and helical to bevel and worm. And when it comes to service, we maintaining the required ang]e of shot
respond with prompt and courteous service every time. impingement, the correct offset of the
@ peening nozzle from the target surface

and the right dwell or surface speed to

% control the cold working process.

The peening media delivery system
scI'IA.FE includes an ASME-certified pressure
il i b vessel of 3.5 cubic foot capacity fitted
with high and low shot level sensors,
a 3 cubic foot media storage hopper

Find out more at schafergear.com
or call us at 574-234-4116. South Bend, IN/Rockford, IL
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