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Management Summary

Profile corrections on gears are a commonly used method to reduce transmission error, contact shock, and scoring
risk. There are different types of profile corrections. It is a known fact that the type of profile correction used will have
a strong influence on the resulting transmission error. The degree of this influence may be determined by calculating
tooth loading during mesh. The current method for this calculation is very complicated and time consuming; however,
a new approach has been developed that could reduce the calculation time.

This approach uses an algorithm that includes the conventional method for calculating tooth stiffness in regards to
bending and shearing deformation, flattening due to Hertzian pressure and tilting of the tooth in the gear body. This
new method was tested by comparing its results with Finite Element Method (FEM) and LVR software.

This paper illustrates and discusses the results of this study. Furthermore the maximum local power losses are com-
pared with the scoring safety calculated following the flash temperature criteria of AGMA925 and DIN 3990.

Introduction

Profile correction (PC) of gears is a
commonly used method to reduce the
transmission error (TE) of a gear pair,
the contact shock (corner contact) and
the scoring risk. There are different
types of profile corrections: short or
long linear corrections, short or long
corrections in arc form, fully crowned
profile and others.

The calculation of the meshing of
a gear pair under load is very compli-
cated and therefore time consuming.
Over the gear meshing cycle—from
the start of contact in the pinion root
area to the end of contact on the tip—a
sufficient number of steps must be cal-
culated. Using an FEM program, this
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requires many hours. More specialized
programs as LDP or LVR perform this
process in much shorter time, but even
then, the evaluation of different vari-
ants needs much time.

Based on a new approach for the
calculation of the meshing under load,
the calculation time could be even
further reduced. An algorithm using a
conventional method for the calcula-
tion of the tooth stiffness—consider-
ing bending and shearing deformation,
flattening due to Hertzian pressure and
tilting of the tooth in the gear body—is
used. With this approach the calcu-
lation of a gear mesh is carried out
within seconds. In combination with an
efficient user interface, this allowed for
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an extended study of the effect of dif-
ferent profile corrections.

The aim of this study is to analyze
the effect produced by short linear,
long linear, short arc-like, long arc-like
and fully crowned profile corrections
on gears with different transverse con-
tact ratio (g ), as standard-reference-
profile gears and high-tooth-profile
gears may show very different charac-
teristics when using profile corrections.

Effect of Profile Corrections
on Transmission Error and
Noise in Literature

Tip relief is applied for two rea-
sons—to minimize corner contact (tooth
interference) and to reduce dynamic
excitation (transmission error).



In literature, few if any conclusions
about the effect of different profile cor-
rections (or profile “modifications,”
as called by ISO) can be found. Some
information exists in the American lit-
erature, mainly from or in connection
with research done at the Ohio State
University (Ref. 1). And in the German
literature, where many publications
about gear and gearbox design exist,
scant information is found. For exam-
ple, in the classic Niemann book about
cylindrical gear design (Ref. 3), only
a few words are devoted to the effect
produced by profile corrections. Little
more is explained in the book by Linke
(Ref. 2), from Dresden University. And
in the U.K., some specific literature is
available (Ref. 4).

A simple variant of a profile cor-
rection is a tip relief. When defining
a tip relief, two major parameters are
important—the tip relief Ca (Fig. 1)
and the relief length L_ . In literature,
everybody agrees that the tip relief Ca
has to be dimensioned in such a way
that the tooth bending—and perhaps
some part of manufacturing errors
(pitch deviation)—are compensated.
There is also agreement that the pro-
file modification strongly impacts
the peak-to-peak transmission error
(PPTE). Furthermore, it is evident that
the PPTE is quite directly related to the
noise level produced by a gear pair.

There are basically two options for
the length L, of the profile correc-
tion—the so-called “short” and “long”
relief designs (Fig. 2).

As for the optimum length L of
the profile correction and thus the best
result in reduction of the TE, opinions
differ (Table 1). The indications in lit-
erature are partially contradictive. The
reason is possibly that the effect of
long or short profile correction depends
also on the transverse contact ratio of
the gear pair. It is also astonishing that
in the literature few or no indications
are given for the best type of curve to
use for the profile correction. There
are different possibilities; the simplest
is a linear tip relief on both gears (or

linear tip and root relief on one or both
continued
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Figure 1—Linear tip and root relief as defined by 1SO 21771:2007.
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Figure 2—Definition of short and long profile correction (Refs. 1 and 4).

Table 1—Effects of Short or Long Profile Modification

in Literature.

Short profile
correction

Author Long profile

correction

Niemann (Ref. 3) p.112 Avoids corner contact

Reduces TE considerably

Avoid corner contact
No effect on TE

Linke (Ref. 2) p.465 Avoids corner Avoids corner contact

contact Reduces TE, but is worse
Reduces TE for low load
Houser (Ref.1) p.25 Avoids corner Avoids corner contact
contact Reduces TE considerably
No effect on TE at design load,
but is worse for low load
Smith (Ref. 4) p.58 Reduces TE for Reduces TE for high load
low load
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Figure 3—Profile crowning (barreling) as defined by 1SO 21771:2007.

www.gearfechnology.com | July 2010 | GEARTECHNOLOGY




gears) (Fig. 1). Crowned profiles, for
example, are often used in automotive
gearboxes (Fig. 3). Another variant is
a parabolic or arc-like tip (and/or root)
relief (Fig. 4). Compared to the linear
relief, these types of corrections have
an advantage in that the pressure angle
of the profile does not have an instant

progressive

Figure 4—Arc-like or parabolic profile
modification at tip.

I'.xl

Figure 5—Typical course of the stiff-
ness; model with spring.
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change at the start point of the modi-
fication (Fig. 4). Munro and Houser
(Ref. 1) are using a parabolic correc-
tion, Smith (Ref. 4) is using profile
crowning and Niemann (Ref. 3), most
probably, a linear correction. But it
is not discussed whether this type of
curve has a major influence on trans-
mission error.

A perfect involute gear pair with
infinite stiffness has no transmission
error. For the consideration of the
effect of profile corrections, the bend-
ing of the teeth must be included. This
is not a simple calculation task.

Calculation of Path of Contact
Under Load and the TE

To get the TE of a gear set during
meshing, the contact path under load is
calculated. This means a contact prob-
lem must be solved—i.e., the number
of tooth pairs in contact varies by one
during the meshing and, most often,
it changes from one pair to two pairs
in contact. This effect causes the total
stiffness in the engagement to change
periodically (Fig. 5). The teeth them-
selves are deflected due to the torque
applied, thus shifting the point of
change from one to two pairs in con-
tact and leading to premature contact.

There are often two different
approaches in solving a problem in
mechanical engineering—1) the very
general FEM method and 2) the spe-
cific classical methods available for
most of the common machine parts.
The classical methods are tailored to
one specific type of part—i.e., bolts,
gears or bearings. The advantage of
these methods lies in their fast and
easy application. But in many cases, no
classical method is available. Consider
housings, for example, where the
application of FEM is the only pos-
sibility. In other cases, the application
of FEM would be much too expensive,
like for a key and keyway on a shaft.

On the strength of a dissertation by
Peterson (Ref. 5), proposing a classical
method for the calculation of the tooth
stiffness, it was possible to develop
a quick and accurate method to solve
this problem (Ref. 6). For the calcula-
tion of the stiffness, Peterson’s model
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covers the deflection of the teeth, the
bending of the teeth in the wheel body,
the Hertzian pressure and the shearing-
induced deformation. The gear is cut
into several transverse sections and the
stiffness is calculated for these slices.
For a spur gear, the stiffness is mul-
tiplied by the width, which leads to
the final value. For a helical gear, the
beginning and end of contact of the
slices is dependent upon the position
of the slices along the tooth width.
The final course of the total stiffness is
calculated by integrating the stiffness
functions for the slices over the width,
while increasing the delay of initial
contact. Figure 5 shows a graphical
representation of the model. A spring
is fixed on the path of contact, which
means that it is located on the common
tangent of the two base circles of the
gears. This spring has a periodically
changing stiffness c(t). If in this model
the pinion is rotating with constant
speed and torque, and the output torque
is constant on the gear, the spring will
be deflected periodically. This deflec-
tion is the transmission error, typically
quantified in micrometers.

In the simulation of the meshing,
the deflection of the teeth is given by
the normal force applied to a single
tooth divided by the stiffness. Since the
point where the force is applied varies
in the height direction, the stiffness
will also depend on the meshing posi-
tion. Further, if the second pair of teeth
comes into contact, stiffness increases
sharply and the deflection of the first
pair of teeth is reduced. To find the
correct point of contact, an iteration
must be performed.

The reward for all this effort:

* Calculation of the real path of

contact under load

* Course of the normal force on

the flanks
* Determining TE, stress in
the root areas of the teeth,
Hertzian pressure, sliding
velocities, local warming
up (flash temperature)
and prediction of local wear
on the tooth flanks

Figure 6 shows an example of the



effect of the tip relief. In the top left
diagram, the path of contact for the full
involute gears is shown. In the mid-
dle part, the path is a straight line. In
the section of contact start and end,
however, the line is curved and the
contact follows the tip circle of the
pinion or the gear. This is the region
of prolonged contact (corner contact).
The tip relief is designed to compen-
sate the deflection of the teeth and thus
eliminate the premature contact. This,
however, only works for a specific
torque, precisely applied. The right col-
umn of diagrams in Figure 6 shows the
influence of the short linear tip relief.
The path of contact is almost straight
again. The only deviation is a nick in
the region of the beginning of the tip
relief. This marks the rapid change of
the pressure angle at this point (where
the linear tip relief starts).

The course of the normal force for
the gears without tip relief shows a
typical picture for spur gears in that
in the middle of the contact path, only
one pair of gears takes the full torque.
Before and after that, the normal force
is shared over two pairs of teeth and
thus only about 50% of the maximum
value in the middle. The gears with
tip relief have only one pair of teeth in
contact at most times, so here the nor-
mal force is nearly constant and yet on
the same level as the maximum of the
gears without tip relief. Nevertheless,
the maximum pressure on the flank
is 20% less with tip relief since the
premature contact leads to a contact
shock with very high pressure. Finally,
the amplitude of the transmission error
(PPTE) remains the same with this type
of tip relief. The tip relief results in
a smoother course so that the higher
frequencies are reduced. This leads to
less acceleration and the smaller forces
induced by the transmission error.

To check this calculation method,
the same gears were calculated with
ANSYS (Fig. 7). Both methods lead to
very similar results. For the Hertzian
pressure, the FEM results tend to zig-
zag more, caused mainly by the fact
that the defined stress is given for a
single point on a grid. Since the real

contact point is usually somewhere
between two grid points, the real maxi-
mum stress on the flank is usually larg-
er than the plotted result.

Other comparisons were made
with the LVR program (from Dresden
University); these results also show a
very good correlation.

Since the calculated results are
very similar, the main difference
between the two methods is the dis-
parity in effort expended to achieve

them. Consider: it took two days to get
the FEM model set up, calculate the
stresses and extract them for presenta-
tion; with KISSsoft (Ref. 7), the same
task was accomplished in two seconds.
Moreover, each variant for the tooth
form—such as a different amount of
tip relief, different geometry (such as
changed addendum modification) or
different tooling takes only a few min-
utes to analyze. This demonstrates the
advantages of the classical approach.
continued
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Figure 6—Results of the path of contact calculation using the classical calculation

method implemented in KISSsoft (Ref. 7).
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Study of the Influence of Different
Profile Corrections
Introduction. With the discussed
method, the calculation of a gear mesh
is carried out within seconds. In combi-

nation with an efficient user interface,
this enabled an extended study of the
effect of different profile corrections.
Of greatest interest was analyzing the
behavior of gears with different trans-
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Figure 7—Comparison of the results of FEM calculation and KISSsoft.
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Figure 8—Flash temperature following AGMA 925-A03 (Ref. 8) and ISO 6336-7

(Ref. 9).
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verse contact ratio (¢ ), as standard-
reference-profile gears and high-tooth-
profile gears may show very different
characteristics when using profile cor-
rections.

The aim of the study is to also ana-
lyze the effect produced by short lin-
ear, long linear, short arc-like, long
arc-like and fully crowned profile cor-
rections in the case of gear sets having
a transverse contact ratio (g ) between
1.4 to 2.4. The profile correction was
optimized for the design torque, which
was defined based on a required safe-
ty factor of 1.0 for pitting and 1.4 for
bending following ISO 6336. The tip
relief was designed to eliminate the
corner contact in the beginning and end
of the contact at design torque, based
on a perfect tooth form without manu-
facturing errors. The resulting PPTE
was analyzed with different torques
between 50% and 150% of the design
torque. Furthermore, each variant was
checked—including manufacturing
errors—to evaluate the capability of
the different corrections to compensate
tooth form errors.

It is well known from literature that
profile corrections are very important
for spur gears, less so for helical gears.
The reason is that helical gears and
their helix angle shift the meshing con-
tact from the left to the right side of
the gear. So a gear pair with a sprung
helix overlap ratio (g) bigger than 1
also has, along with a badly designed
profile correction, a very good PPTE.
For this reason—the goal here being
to analyze the effect of profile correc-
tions—mostly spur gears were used.

Since a profile correction also has
an important impact on the flash tem-
perature and scoring risk, the highest
flash temperature was calculated and
compared. The calculation of the local
flash temperature is calculated with two
methods, i.e.—AGMA 925-A03 (Ref.
8) and ISO 6336-7. As Figure 8 shows,
the flash temperature is reduced when
using an optimized profile correction;
the maximum temperature decreases
from 120°C to 112°C and the flash tem-
perature (difference between local tem-
perature and gear body temperature)



decreases from 43.6° to 35.7°—a sig-
nificantly reduced scoring risk.

Short and long correction length
and the PPTE. The profile correc-
tion, specifically the tip relief Ca and/
or the root relief Cf (Fig. 1), has to be
designed for a specific torque—nor-
mally for the medium or the most fre-
quent torque. In this study, the design
was done for the nominal torque
(100%), but it is very important to also
check the effect of a profile correction
on the PPTE with different torque lev-
els. In this study, the PPTE was calcu-
lated for 50%, 75%, 100%, 125% and
150% of the nominal torque.

Figure 9 shows the PPTE of gear
pairs without profile correction. It is
evident and logical that the PPTE is
proportional to the torque in that the
bending of the tooth increases with
the load (torque) and the TE increas-
es accordingly. It is evident from the
graph that the PPTE decreases with
higher transverse contact ratio. There
is a significant reduction of the PPTE
(about 50%) above ¢ = 1.8. These
are high-tooth gears that always have
2-3 teeth pairs in contact and, there-
fore, higher stiffness, normally lower
stiffness variation and lower PPTE.
This paper confirms these phenomena.
Figure 10 shows, for example, that the
PPTE of high-tooth gears (¢, = 2.0)
is less than half of the PPTE of nor-
mal gears. This is valid only for gears
without any profile correction. When
applying a correction (Fig. 12), the
PPTE is not proportional to the torque
and the PPTE of high-tooth gears is
less reduced when compared to normal
gears.

The effect of a short profile correc-
tion is shown in Figure 11. As the ratio
of PPTE with profile corrections to PPTE
without correction is displayed, every
result having a value bigger than 1 rep-
resents a situation in which the gear with
correction is worse than the gear with no
correction. With the exception of gear
pairs with a very high ¢ (2.4), the short
correction is always worse than no cor-
rection at all. For low load (75% and
less), the increase of the PPTE can be

continued

Effect of pitch amor (no PC)
W0 -
17
-
L] S —
A Ly e
L] T
#TEmp= 0k d
T ; i - T wa
bt s = # T s i (ma
wiren fum] M : T meprr Vipas
i | e e,
I - [ o T
* H & Thmrpr Brmpaz 2
! : = 1 ) T s 23
" , TE =y ipeng 4
3 = L | TE sap=y §oesas &
-
Y ¥
2% L T48% 100% T T 115%
Percentaal Langue
* - perfect ZEATS 8- Chears with a 3 pm pitch emror

Figure 9—PPTE in pym for different gear pairs with ¢ = 1.4 to 2.4, without profile
correction, depending on torque. For perfect gears and gears with pitch errors.

Effect of transverse contact ratio and pitch emor (Average)

= e rmed
e LT
s e

e o L ® W g

by et % 100 T8N 150 (b
P Convhunl Bod op

Figure 10—PPTE (same data as in Fig. 9) depending on torque, without PC. Curve
“Average (¢ < 2.0) nopm0” for gears having ¢, = 2.0; Curve “Average (¢ > 2.0)
nopm0” for gears having € = 2.0; Curve “Average_nopm0” for all gears; “Curve
“Average_nopm3” for all gears with pitch error 3 um.

Effect of short PC
L]
00
- LR 8 T (TR
250 P T T s i
- I ThE T -
& T o 0 -y 1
Ratoor e ety
Fanemnen = ™ |.---.. T : i
T 1% b el E hap
S S o
" i ' i i e e o
& W il o - i
000
™ | 1% 5 . 17
Peroemusl torgue
# : aArc-like comrection N: Linear correction

Figure 11—Ratio of PPTEwithPC to PPTEnoPC for different gear pairs, with ¢ = 1.4
to 2.4, with short profile correction, depending on torque.
GEARTECHNOLOGY 57

www.gearfechnology.com | July 2010




Effect of long PC
]
2 . T
aty
(7
g . '
-
5 " T
i 1 i
Tranymisshoen . -1 -
wrred jam] 5 ] & -
& .
|
» - .
3 - ¥ - -
[ ] . .
i B _!__ - e s i N .
2 s '
1 L]
¥ e i
o & - = - A
b % TR 1o 125% 150% T
Padcaniual taiges
Effect of long PC
7 50 -
—
e
7 i @ g
WL ey
# TE g a3 0 TE e L
' A& TE vem # T mepre €
e B 1w w1 55 T e
L TE g e N T
Hato of piaigrbieem e
. T ——
ETANATILIAN ! e
- L Tt o ¥
100 - VE covmn B TE g B funa
& L - ur
[ ,, .
; : : : [ :
L] - (] w n
. - §
. B
i
0% [ e, 100, 1255% tel% LI
Parceniias SO g
* - Arc-like correction B Linsar comrection A Crowning

Figure 12—PPTE (above) and Ratio (below) of PPTEwithPC to PPTEnoPC for differ-
ent gear pairs, with € = 1.4 to 2.4, with long profile correction, depending on
torque.

Eflect of shon PC [Average)

NN =]
M NN
N
h."

24

1.2 1.4 ) 18 I8 21

Transverss Comact ivio ea)

o

Figure 13—Mean PPTE (average over torque from 50 to 150%) depending on €_

with short profile correction, for linear and arc-like correction curve.

58 GEARTECHNOLOGY | July 2010 | www.gearfechnology.com

300% and more.

The result is completely different
when using a long profile correction
(Fig. 12). All gear sets above 80% of
nominal torque have a significantly
reduced PPTE (30%-70%). Only for
low load (60% and less of nominal
torque) will the PPTE increase as com-
pared to the gear set with no correction.
But the increase is smaller than it is for
short corrections.

To document such a significant
difference between the short and the
long correction—mainly for any trans-
verse contact ratio g —was certainly
a surprise. The result is in agreement
with some well-known authors—e.g.,
Houser (Ref. 1) and Niemann (Ref.
3). But the fact that—when using
the long corrections—the transverse
contact ratio of the unmodified part
of the flanks is far lower than 1 (Fig.
2) served to reduce our expectancy of
such a good result for the long correc-
tion.

Influence of curvature of the pro-
file correction. 1t may be interesting
to analyze the influence of different
curvatures of the profile correction on
the PPTE. For the short profile correc-
tion, a linear (Fig. 1) and an arc-like
(Fig. 4) curve were used. The same
was used for the long correction and
profile crowning (Fig. 3).

When using the short profile cor-
rection (Fig. 13) for normal gears (¢ <
2.0), the form of the curve has no sig-
nificant influence. But for high-tooth
gears, the arc-like curve is much pre-
ferred.

With a long profile or crowned cor-
rection, there is really no significant
difference between the effects of dif-
ferent curve types when comparing the
effect over the full ¢, scale. Rather,
it appears that the linear correction is
a bit better than the arc-like version
(Fig. 14). It is particularly interesting
when this effect is shown to be torque-
dependent (Fig. 15). The linear correc-
tion is very effective for design torque,
yet worse than the other corrections for
lower torque.

Influence of manufacturing errors
on the PPTE. The calculations pre-



sented here were repeated with a manu-
facturing error in order to evaluate the
capability of the different corrections
to compensate for tooth form errors.
In this case a pitch error of 3 um was
applied—i.e., half of the maximal
admitted error for Q-6 (ISO1328 or
AGMA 2015) with gears of this size.
The PPTE of gears with the manufac-
turing error is clearly increased, but
the mean increase of the PPTE is much
smaller than the pitch error (Table 2).
Figure 10 shows that the 3 um pitch
error increases the PPTE on gears with
no modification by only 1 um or less.

If specific profile corrections are in
fact best-suited to absorb pitch errors,
it is not apparent—as the evaluation
of the increase of PPTE due to a 3 um
pitch error in Table 2 shows. Arc-like
(short and long) and short linear cor-
rections yield the best results, but it is
also assumed that further checks are
performed to ensure that this result is
indeed significant. In addition, profile
errors and other manufacturing errors
should be checked to ensure the clear-
est picture possible.

Supplementary study of the length
of the profile correction. Thus far, the
effect of short or long profile correc-
tion has been considered. The results
showed clearly that the long correction
reduces the PPTE. Houser recommends
use of a “medium” profile correction,
as “Long and short reliefs represent
useful design limits for spur gears
and generally some intermediate type
of relief gives the best compromise,
depending upon the range of operating
loads that the gear meet (Ref. 1).” It is
thus clearly possible that an intermedi-
ate length of the correction might pro-

vide even better results, and so is well
worth checking.

The PPTE calculated on a specific
gear with a different length of profile
correction is shown in Figure 16. Here
the PPTE typically increases slightly—
from zero to the short profile correc-
tion. With increasing correction length,

the PPTE decreases significantly and
is quicker with the linear correction
than with the arc-like correction. The
PPTE reaches a minimum around the
long profile correction. With the linear
correction, the minimum is reached
shortly before the long profile correc-

tion, the arc-like correction following
continued
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Table 2— Mean increase of PPTE due to a pitch error of 3 pym for the nominal torque (100%).

Profile Mean PPTE (pm) Meiatr;: ::'Er(g;ng V:’:h Mean increase | Increase of PPTE in

correction with no pitch error P H of PPTE (um) | % of the pitch error
No correction 4.8 5.8 0.99 33.0
Short, linear 6.2 6.9 0.69 23.2
Short, arc-like 5.4 6.1 0.71 23.8
Long,linear 1.9 2.9 1.05 35.0
Long, arc-like 3.1 3.9 0.78 26.1
Crowning 25 3.7 1.18 39.2
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shortly after. Clearly, the curves may
change with torque and gear geometry,
but the tendency is repeatable.
Different Profile Corrections
and Flash Temperature

Normally the local flash temperature
is highest at both the beginning and end
of the contact between two gears. As
the tooth thickness reduction produced
by a profile correction is reducing the
Hertzian pressure at these exact points,
the result of the reduced load is that the
local temperature at beginning and end of
the contact will decrease. It is therefore
logical that any profile correction will be
helpful for reducing the risk of scoring.

Figure 17 shows the relative reduc-
tion of the flash temperature when
using a short PC; Figure 18 shows the
same with a long PC. The results are
very similar, with no significant dif-
ference between the short and long
correction. But with few exceptions,
the reduction of the flash temperature
when using any PC is very relevant.

It is revealing that the reduction of
flash temperature (always compared to
the gear without PC) is smallest with
g, = 1.4; then the temperature decreas-
es significantly with higher ¢, and
the optimum ¢ = 2.0 (a temperature
decrease of 60%); and finally—with
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Figure 16—PPTE at design torque depending on the length of profile correction
(for a gear set with ¢ = 1.6), when using linear or arc-like tip correction.
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Figure 17—Ratio of HEATwithPC to HEATnoPC for different gear pairs, with ¢ =
1.4 to 2.4, with short profile correction, depending on torque.
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even higher ¢ —the reduction is again
less significant. Indeed, there is no sig-
nificant influence in different curva-
tures of the profile correction on the
flash temperature.

Dimensioning the Tip Relief Ca

It is perhaps important to discuss
the layout of the optimum tip relief Ca
(Fig. 1). The tip relief was designed
in order to eliminate corner contact at
the beginning and end of the contact
at design torque without reducing the
length of the contact between the gears.
Figure 19 illustrates how the effect of
the tip relief must be checked.

To be clear, tip relief was not var-
ied in this study. Without any profile
correction, the PPTE is quite propor-
tional to the torque (Fig. 9). But upon
applying a profile correction, the PPTE
is lowest at 75% of design torque—and
rises with smaller torque. So decreas-
ing the amount of Ca by 5% does not
provide the same result as would a
change in torque of +5%. Although it
might work, somebody could suggest,
if torque and PPTE are proportional.

Regardless, the amount of Ca is an
additional parameter to investigate.

Summary

The effect on the transmission error
and the scoring risk produced by short-
linear, long-linear, short-arc-like, long-
arc-like and fully crowned profile cor-
rections to gears with different trans-
verse contact ratio (¢ ) was analyzed.
There is little in literature regarding
these issues. Important parameters
were systematically varied and hun-
dreds of PPTE calculations performed.

High-tooth gear sets (with trans-
verse contact ratio ¢, = 2.0) have
in most cases only about half of the
PPTE, in comparison with normal gear
sets with no profile correction (PC)
applied. With PC, high-tooth gears also
have lower PPTE, but the difference to
a normal gear is smaller.

A PC, short or long, effectively
reduces the scoring risk and the con-
tact shock (corner contact). For the
PPTE, the difference between the short
and the long correction is that for any
transverse contact ratio, _ is very sig-



nificant. Where short PC shows—even
at design torque—a small increase of
the PPTE compared with gears with-
out PC, long PC shows a reduction of
30-70%—a result that has been sup-

Springer Edition, ISBN 0-387-11149-2
(English Edition), 1983.

4. Smith, J.D. Gear Noise and
Vibration, 2nd Edition, Marcel Dekker
Edition, New York.

0SFTMO04, “Tooth Meshing Stiffness
Optimization Based on Gear Tooth
Form Determination for a Production
Process Using Different Tools,”
October, 2005.

7. “Calculation Software for Machine
Design,” www.kisssoft.com.

8. AGMA 925-A03, “Effect of
Lubrication on Gear Surface Distress.”

9. ISO 6336-7, Technical Report,
“Micropitting,” (not yet published).

ported by a number of authors. But 5. Peterson, D. “Auswirkung
the fact remains that when using long der Lastverteilung auf die
correction, arriving at such an overall ~Zahnfusstragfdhigkeit von Hochiiber
good result is surprising. It is never- deckenden Stirnradpaarungen,”
theless important to know that any PC Dissertation, TU Braunschweig, 1989.
increases the PPTE with small torque  ©- Kissling, U. and M. Raabe. AGMA
(50% or less of design torque), com-
pared to gears without PC.

The influence of different curvatures .
of the profile correction on the PPTE . = i
is less significant. For the short profile
correction, a linear and arc-like curve
were used. The same was also used for
the long correction and profile crown- 5 :
ing. When applying the short profile
correction to normal gears (g, < 2.0),
the form of the curve has no significant S
influence. But for high-tooth gears, the i ulmﬂﬂmmw
arc-like curve serves best. With a long
profile or crowned correction there is
no significant difference between the
effects of different curve types.

Differing parameters—such as the
amount of tip relief Ca or the type of
curve of the correction—have significant,
but not always equal, influence on the
PPTE. It is always recommended in a
specific gear transmission case to calcu-
late and optimize the transmission error
when adaptive software is available.

Furthermore, in this paper only the
peak-to-peak value of the transmission
error was considered, which is normal
practice in industry.

But we are convinced that the
slope of the TE curve is also impor-
tant, as a steeper slope will produce
higher accelerations and vibrations. To
date, these phenomena have yet to be
researched accurately. £
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Figure 18—Ratio of HEATwithPC to HEATnoPC for different gear pairs, with ¢ = 1.4
to 2.4, with long profile correction, depending on torque.

Ca is too small: Path of contact continues on tip circle:
Indicates corner contact. Prolonged contact.

Ca is too small: Path of contact continues on tip circle:
Indicates corner contact. Prolonged contact.

Figure 19—Check of the tip relief Ca.
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