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Design for Silence:
New Concepts and Techniques

fori lndustrial Gealrs
Introduction

For a long time. relatively higb noise
levels have been generally accepted fbi
industrial gear units in the W-lOOO kW
power range. However, due to changing
environmental awareness-bolh in and

around 'industrial sites=customee expec-
tations have moved drasticaUy towards
low noise as ,31 k.ey differentiating factor.

Gear drives. ' u h as, those used in
cooling towers, water trea.lment P ants
and wind turbines, are frequently
installed dose to inhabited sites, and so

low noise behavi. r h long been COil id-
ered ·critical. More recently, however,
noise is becoming a concern even in
heavy indu trial application uchas the
large conveyor drive used in extraction
and mining.

Not ooly ,are low noise ,e.xpectalions
met in an increasing variety of applica-
tions. 'the accepted noise levels iliem-
selves are continuouly decreasing.
Severe low noise requirement" in the past
were met by I1sing sound protection
hoods over the installation. requiring
extra expense, hampering in tallation and
decreasing accessibility for maintenance
and inspection. Customers" espectation
have now often lowered acceptable noise
levels down to tl1e point wheJle no protee-
live hoods are needed. even for exaeme
applications.

The technologies avaiJable ro meet
these requirements have also ,changed,
and so havetae noise levels of stale-of-
the-an industrial gear units. Compared to
the mid-eighties (VOl 2159. Ref. 5),. !he
average noise level. of .Ieading industrial
gear prod'uCIS have decreased by W or
more dBA. TIlls i for tandard drives
without pecial-on:ll r modification.
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DesIgn filr Silence
In order to obtain these [ow values. a.

number of conditions have to be met The
lirerature describes the extensive research
carried oul ill this field. In all cases, "aceu-
racy under load" seems to be key in

obtaining low noise bd\&vior in gear units.
However easily de6ned. a lot of influ-

ences may counteract each other. Thegear
unit designer hould :meet the numerous
IrequLremenL<;imposed by these inlluences
in order to achieve the "total quality" of
his design. Enabled by modem design and
manufacmring tedlJ:l.ol.ogies.a van ty of

measures can be taken. The challenge,
tberefore, lila." become miling tberight
choice . 31 the right time in the design
psoces and carrying througb with those I

choice in the manutaemriag process.
"Design for silence" means thaI in

order to meet loday's :low noise expecta-
lions. the de igner has to make a serie of
con i tent deci ions, slarting with tbevery
concept, as exemplified in the follow:ing.

.Accurn:cy Under Loa.d
Manufacturing lU)curucy. Geas vibra-

tion, the root cause forgeneratedl noise,

starts from 'the imperfect taking over of
the contact between conseeutise teeth. fiar
example, this, can be eaused by iii simple
geometri.caJI pitch error. The combination
of pitch, lead and involute errors leads to
transmission error, which can be mea-
sured on a single flanktest machine (Refs.
I •.2. 3). Transmission error is defined as
th d.ifference 'between the real and the
theoretical rotation oHhe gear when being
driven bya uniform rotation of the pinion.

Aiming at lowest transmission error
leads '10 excellent manufacturing accuracy
of the gears. Thi Is a primary condition
for low noise behavior. For example, IlIe

,IEHBCl Df MIICrog,Bomstry

n geo-
metrical pitch errors can not l>ufficienlly

improve noise to meet today's require-

ments for industrial gear units (Ref. l).
1b aehievethe required levels of acCIJ-

racy in combination wilh th typical flexl-
bilityrequirements in III manuf: lUring
and logi tic of industrial gear units, a ftrsl
level decision i taken to grind, all gears.
bolb helical and bevel.

The manufacturing tolerances of the

, hOIl ings need 10 be in line with the high
qualilY .of the gears. [11 ;facl, a complete
y tem of tolerances covering both the

gears and the housing needs to be studied
and implemented dwing the design phase
of the new product, However. ,improving
~anufac:turing qualilY can, affect the noise
level on'ly up to a certain extent.
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ate the lowest possible transmission error,

vibrations and noise, accuracy under load
is the next consideration.

StijJness is the ,key. In an ideal world,
no deflection would exist. Obtaining ihe
nighest stiffness of all components in the

power chain is, therefore. the closest thing i
a designer in the real wor.1dcan aim for. :

The typical construction used for stan- ~

dard, industrial gear units results from the :
need to easily machine the housing. tn !
earlier days. this need led to the use of !

- !

i.---------------------------------.'

As described in the literature, Figure 1
shows that once manufacturing accuracy
reaches a certain level, little or no further

noise improvement can be obtained. This

is due to the effect of load all the geomet-
ric accuracy of the gears. All of the com-

ponents within the force flow deform
under load. The gear teeth bend and the

shaIt deflects, as do the bearings and the

gear unit's housing. It is clearthat aU of
these act in a way similar to the geomet-

ric errors described above. In order to ere-
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straight housing sides to support the

shafts. As the dimensioning of the [ow-
speed gear sets dictates the overall width
of the unit, one of tile disadvantages of

the conventional design is that the nar-

rower. high-speed gears are found on rel-
atively long and flexible integral pinion

shafts (A. Figure 2). Deflection under
load will make optimization of these gear

sets' noise behavior mOl'e difficult.

With the advantages offered by today's
flexible machining centers. the housing

sides can be designed and manufactured
in such a way that the high-speed gears

are supported by shorter bearing spans.
This stepped housing is shown in Figure

3, and has additional advantages:
Both the high-speed andintermedi-
ate-speed pinion shafts and gears can
be standardized over an sizes where

the same center distances are
applied, irrespective of the number

of stages in the respective units (Ref.
6). Note that integral pinion shafts.

the key components of modem gear
units, can not be truly standardized

in a conventional gear unit. In Figure
2, the two intermediatepinion shafts

B have different lengths in different

housing sizes, In Figure 3 they are

identical.

mailto:Ilmunlon@Slmunson.com


• The standardized pinion . hafts are
'!hose with the b:igl1e t stiffne s, as

oppo ed 10 the more flexible, non-
. tandard shafts, which need no longer
be applied,

• Standardization allows cost-effective
batch production of pillion shaft'i 10
the required manlilfacturing aecura-
eies.
Standardization allow the best opti-
mization of corrections at the micro-
geometry level in order to obtain the

most uniform toad distribution and
lowest noise.

Tbe stepped 11011 ing design D--, an

lnberenl. stiffness that is beneficial to

Doth the load comact pattern of the
gears and 'to the sound emi sian
behavior of the housing.

Standardi zation works just. as well for
parallel as it doe for right angle

designs, which are even more critical
in noise generation (Ref, 5) ..

.Hou:siog Design
Material The use of cast iron for die

housing offers significant advantage SEE. US .ATGEAR IEX]POBOOTH,n24
because the dampening qualities of cast
iron are much greaierthan I!hOse of steel.
The design Oexjbility of cast iron parts
allows the designer to imegrate '!he data
and expertise gained from extensive stud-
ies uch as tboseca:rried oul by modal
analysis of hou ing deformarioas.end
intensity analysis for minimal noise emis-

]011 ,(Ref. 4).

Copingwilh extenwJ force. External
forces may deflect the I'l u iog and cause
exces ive noise and vibration, The

de igner .IDU t consider these .and mini-
mize deflection, which distorts the contact

Gear 'Geowelli)'
Optimized mtl£rogeom'EIry. Rceferring

back to Figure 2 and 3, it i clear that the

presence of the shaft extension diH"erent:i-
ales me high-speed integral pillion shafts
from theintermediate-speed integral pin-
ion hafts. Standardizationbetween high-
and intennediate-speed pinion shafts thus SEE IUSAT GIEARIEXPOBOOliH #135,
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patterns of thegears,
As an example, a finite element calcu-

lation can be used to limit defonnations to
the external side (mounting pad) of a gear
unit, rather than distorting the internal of
the housing.
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being impo sible,liIe designer has a torquein order to obtain the lowest
'ul1ique opportunity 10 optimize gear para- cost for a give torque rating.
meters such as module, face wi:dth, helix '.' The high-speed gear set, being the
angle or contact ratio in different way in
order to meet di:fferent market needs.
Indeed, the market needs for respectively
hjgb-speed. lind low-speed gear sets differ
as foilows:

The low-speed gear set,being .tI1e
largest gear set and therefore Ihe
highest cost factor in the gear uait,
h to be de igned for maximum

largest source of vibration and noi e,
needs to be optimized for lowest
noise generation, because:
For a given transmission error, the
higher the rotational speed, the high-
er the generated vibrations.
The human ear is less sensitive to
'lief)' low frequencies, as reflected in
the 'A' weighted spectrum. The most
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disturbing frequencies ~ypically result
from the mesb frequencies and har-
monies of !he higher speed gear se .

The same appJiiesa fortiori to 'bevel gear
sets. These are always the high-speed gear
sets in right angle gear urtits, and apart
from thebeneficial effect of being ground
(Ref. I), they also need to be optimized
concerning law noise generation.

Mi£1:Qgeometry.: ,the fourth te~'el.
State-of-the-art gears are corrected for
deflections by profile and lead moditica-
lions. Sophisticated grindinglechoiques
allow for the implementation of correc-
tion , such as those calculated by Tooth
Contact Analysis (TCA) software dcve.l-
oped by Gleason OF Ihe Research Institute
WZL-RWTH Aachen, However, as deflec-
tions are proportional with load, 'the
applied. medificationsare optimal only for
a given ~oadsimatien.

Consider '!he sU'aiglitt tip relief correc-
tion as an example (Figure 4). Thi scorrec-
lion is the amount one has to take away
from the mating gear tip in order to avoid
interference with the driving pinion due to
deformation underload.

The applied tip relief. however, is opti-
mal for one load imanon only, For other
loads. the tip relief will be sub-optimal,
resulting either in reduction of active pro-
file or in tip interference.

Many gear units, however, are subject
to a variety of loads. Figure 5 shows the
amount of tip relief needed versus ag;iveo

lill Relief

Theor,eticallnvolute
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variation of load conditions for a certain
high-stiffness design. This proves again

how stiffness is key in the design:

• The level. of corrections needed is
lower. Consequently, there will be

less reduction of active profile under

low load conditions.

• Par a given load spectrum, the mean
deviation from the optimal correction

is much lower;

Another approach to minimizing the
effect of a load spectrum on the emitted
sound is exemplified in Figure 7. By
applying a modified tip relief geometry,

which is enabled through the use of mod-

em manufacturing equipment, the active

profile gradually increases as the load
increases. Therefore, the noise specifica-

tions can be maintained over a wider

range of absorbed powers rather than only

iO-'Wi 1 .

I
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A!W Systems Co ..announces that it is now a
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for the design power of the unit. The same
principles are also applied for bevel gear
sets, as exemplified in Reference I, which
discusses the measured noise behavior of a
given gear unit over a variety of loads.

Results
Figure 7 shows sound power levels

generated by a range of standard industrial

gear units designed in line with the princi-

ples above. The sound levels, indicating

Low Stiffness
Design

High Stiffness
Design

Absorbed Power
Range of Applied Loads
on Gear Unit

IFig. 5-Reqllired tip ,reliet 8safllnction of
absorbedl power.

fig. &-Modified tip, relief geometry.
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maximumraiher than average value. are

derived from a number of experiments on

a variety of tandard gear units, both paral-
lel and right-angle, ill a load range between

10 and 7.50k W. w'ilhollt special modifica-

tions. The test were carried 0\111 on in-
house test benches, by mean of intensity
analyis.Thc horizorual axis on Figure 7

shows the ab orbed power; the vertical

axis how the corre pending sound pre -
UTe Ievel,
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Drlessii1:g Discs
Precision Products
Manufactured in the U.S.A.

• Sharp Included
Angles (200 Min).

• Sharp Radii
(0.11rn/rn- .004" Min).

• Can be relapped
mulltiple times.

• Better surface finish than
Natural Diamond.

• We also offer Dressing
Discs in Natural Diamond.

Conclusion
Low noise behavior in standard indu -

triel gear units is becoming an important
selection criterion for the customer, even in
businesses Ihat used to be considered

"heavy industry." In addition. the accepted
noise levels ihemselve are conrinuou ly
decreasing. State-of-the-art machinery for
manufacturing both bou ings and gear

Wlowsthe designer to meet and even to
exceed ell tomer expectation . This pre-

ume • however. that a number of careful
and con i lent. d ign deei ions are made

from tile very concept phase. The "De. ign

for silence" !>1r'Utegyhas been exemplified
by describing this series of deei ion as

embedded ina range of standard indu trial
gear units. Re ult how the appma h to be

ueee ful.O
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