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Advanced simulation techniques from Romax 
Technology eliminate gear whine problems in 
automatic transmissions.
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T
THe inTrusive noise known as gear wHine is causeD By viBraTions generaTeD 

By gears as THey MesH as a resulT oF iMPerFecTions causeD By Design, loaD-

ing, TeMPeraTure eFFecTs, anD ManuFacTuring variaTions. reDucing gear wHine 

noise To an accePTaBle level is a Big cHallenge, esPecially For coMPlex gear-

Boxes like THe MoDern PlaneTary auToMaTic TransMission. aDvanceD Design, 

siMulaTion, anD analysis Tools like roMaxDesigner give engineers THe aBiliTy 

To quickly anD accuraTely iDenTiFy ProBleMs, FinD THe rooT cause, anD Pro-

Pose realisTic soluTions wiTHin THe allowaBle Design consTrainTs. wiTH sucH 

a Tool, exisTing Designs can Be oPTiMizeD To reMove noise ProBleMs, anD new 

Designs can Be creaTeD THaT are known To Be ProBleM-Free even BeFore any 

MeTal is cuT. Here we DeveloP a Process For oPTiMizing an exisTing Design To 

reDuce a noise ProBleM anD sHow How iT works wiTH a real-worlD exaMPle.

gear whine does not have to be 

loud to be a problem. it is by nature 

a tonal noise, which is annoying to 

drivers and passengers because 

it cuts through other noises in the 

vehicle interior. Perfect gears in 

a perfect operating environment 

produce no noise, but unfortunately 

we do not live in a perfect world. 

The real world is one of manufactur-

ing and assembly tolerances, and 

components that deflect under the 

loads we put through them. The dif-

ference between the smooth trans-

fer of motion by perfect gears and 

what you actually get in practice 

is called “transmission error,” or 

“Te.” This is the true source of gear 

whine noise. Te causes a vibration 

at the gear mesh which is transmit-

ted through the internal gearbox 

components to the housing, where 

it is radiated directly as noise or 

transferred through the chassis in 

the form of vibrations to be radiated 

as noise elsewhere. although not 

the sole method of controlling gear 

whine, reduction of the noise at the 

source by reducing Te is clearly a 

good idea.

The usual way of adjusting Te 

is through making changes to the 

tooth surface on a microscopic 

level. These “micro-geometry” mod-

ifications can be tailored to reduce 

Te, but to know what changes to 

make you need to understand how 

the gear teeth are behaving at a 

microscopic level. you also need to 

consider that any micro-geometry 

changes you make will also impact 

the durability and efficiency perfor-

mance of the gearbox. it is no good 

having a quiet gearbox that breaks 

after 50,000 km.

a quick glance at fig. 1 will tell 

Fig. 1: RomaxDesigner model of a six-speed automatic 
transaxle gearbox.
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you that a modern automatic transmission 

is a complex beast, with many gears mesh-

ing simultaneously. These complexities 

make it difficult to predict the gear mesh-

ing behavior and to identify the optimal 

micro-geometry modifications necessary. 

The only way this can be achieved is by con-

sidering the gears within the context of the 

complete transmission. The effects of and 

interactions between all these gears mean 

that a system-level simulation such as that 

provided by romaxDesigner from romax 

Technology (a quick and accurate virtual 

product development tool with the capabil-

ity to simulate, analyze and optimize the 

nvH, durability and efficiency performance 

of the most intricate designs) is a neces-

sary tool in the process of making these 

gearboxes quiet.

quick and accurate simulation of these 

complex behaviors is the key to an improved 

product. obviously accuracy is important; 

we need to be able to trust the results and 

make design decisions based on them. 

when this is combined with fast computa-

tional performance it becomes an enabler 

for all kinds of useful analysis and optimiza-

tion methods that rely on repeated simula-

tion of subtly different designs, as we shall 

see later. 

Simulation ChallengeS
optimizing the design of multi-mesh plan-

etary gearboxes presents a number of prob-

lems when compared to simpler manual 

transmission designs, which means that 

specific methods have had to be developed 

by romax Technology to deal with auto-

matic gearboxes.

Complexity of Design
a planetary automatic gearbox is complex 

with many components. To simulate it we 

need to represent that complexity but only 

to a level of detail that is necessary to give 

us the results we need—we do not want a 

cumbersome model that takes a lot of com-

puter time to run, but we do need to include 

detail where it is important. For example 

we need a very detailed description of the 

gear geometry and a detailed model of gear 

tooth contact, but we only need to consider 

the simulation of brakes and clutches on a 

concept level. we also need to include the 

effect of the gearbox boundary conditions 

whether in the vehicle or on the test bench 

so that our model represents what we are 

actually testing. 

loaD sharing anD 
misalignment
automatic transmissions achieve their high 

power density by splitting the transfer 

of torque through several planet gears 

simultaneously. system deflections due to 

internal loads, manufacturing errors and 

external radial loads (such as gravity and 

those from the transfer gear shown in fig. 1) 

destroy the symmetry of the planetary sys-

Fig. 2: A process for identifying and resolving a gear whine noise problem in an automatic transmission.
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tem and result in unequal sharing of that 

torque between the planets. To make mat-

ters worse, this inequality varies as the car-

rier rotates relative to the sun and ring due 

to changes in the stiffness of the carrier, 

the effects of gravity and slight variations 

in planet pin position within the allowable 

manufacturing and assembly tolerances. 

The knock-on effect of this is that different 

torques in each gear mesh means differ-

ent misalignments in each gear mesh and 

these also vary as the carrier rotates. a 

final complication is interactions between 

different gear meshes. in a planetary gear 

arrangement a planet gear is connected 

to at least two other gears. The misalign-

ment at one gear mesh has an influence 

on the misalignment at other gear meshes 

because they are all connected by the 

same gear.

what this means practically is that the 

detailed analysis of these gear mesh-

es which is required to correctly predict 

Te must simulate the effect of all gear 

meshes simultaneously (the case study 

on pg. 48 has 9 meshes). in addition the 

simulation must include the effects of the 

variation in torque and misalignment as the 

components rotate.

in romaxDesigner this is achieved by 

performing an iterative static analysis of 

the entire gearbox at several different car-

rier rotation positions to build up a com-

plete profile of the gear contact behavior 

considering all of the above complications. 

This is a relatively quick process due to 

the optimized algorithms used, giving an 

answer in a matter of seconds.

Fig. 3: Comparison between measured baseline housing vibration, 
simulated baseline housing vibration, and simulated optimized housing 
vibration. 
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gear mesh phasing
when we look at gear whine caused by a simple gear pair, we can 

say that the resulting gear whine noise is directly proportional to 

the Te. This means that if we discover that we need to reduce 

the noise by 50 percent then we know that we have to reduce the 

Te by 50 percent. as with everything else, the planetary gearbox 

does not behave quite so nicely.

in the automatic transmission we have many meshes active at 

once, each producing their own Te all at the same time and all 

at the same frequency. However the relative phases of these Te 

signals are not always the same. The combined noise effect of all 

the Te signals together depends on this phasing. in some cases 

the signals add together and reinforce the resulting vibrations 

(and hence the sound heard by the driver); in others the signals 

cancel each other out and the vibration in a particular direction 

is reduced. These phase differences are generated at two levels: 

the majority of this phasing is determined by the number of teeth 

on the gears, the number and positioning of the planet gears 

and whether the gearbox as a whole is more sensitive to lateral 

or torsional dynamic forces. small changes to the phasing are 

also caused by the micro-geometry design of the teeth. Paying 

attention to this phasing early in the design process is critical to 

a good gearbox design.

what this implies is that we cannot simply use Te as a measure 

of how good our noise performance will be for an automatic trans-

mission, as there is no simple relationship between individual 

mesh Tes and the resulting noise in the vehicle. instead we 

must use the vibration of the transmission housing as a mea-

sure of success or failure and that means we need a dynamic 

model of our gearbox.

DynamiC response
Predicting vibration response behavior of a gearbox requires 

two things: knowledge of the excitation—in our case, the Te, 

which we know our methods can accurately predict—and also 

a dynamic model of the complete transmission system. we can 

apply the predicted Te at each mesh (including the phasing) in 

the dynamic model and predict the response at any location 

on the housing. These can be compared directly with vibration 

measurements on the real gearbox. romaxDesigner includes 

the capability to automatically generate a dynamic model and 

calculate the response.

so there are many difficulties associated with the simulation 

of gear whine in planetary automatic gearboxes but we have 

been able to implement methods to cope with these within the 

romaxDesigner virtual product development environment. next 

we will see how these methods can be put to use in a gear whine 

troubleshooting process.
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troubleShooting ProblemS
as well as upfront design of new products, another common reason 

for optimizing a design for nvH is when an existing design is put 

into a new application (a new vehicle model or paired with a new 

engine for example) and whine noise is found to be a problem. 

in a situation like this, there is very little scope for major design 

changes such as changing gearbox layout, tooth numbers, or num-

ber of planets. in these cases refining micro-geometry is often 

considered the only approach. an example optimization process 

based only on micro-geometry modifications is discussed here and 

illustrated with a real world case study later.

The overall troubleshooting process is shown in fig. 2. The first 

step is to identify the conditions under which the problem occurs. 

This is done by subjective evaluation in the vehicle. This is backed 

up by a quantitative measurement of noise and vibration both in 

the vehicle and on a test bench. The results of these tests form the 

baseline results against which the noise and vibration of the new 

design can be compared. if the test bench results show the same 

symptoms as the in-vehicle results, then all further simulation and 

testing can be performed in the more controlled environment of the 

laboratory. analysis of these test results also yields information on 

which planetary gear set is causing the problem.

The next step is to create the romaxDesigner model of the 

transmission. This model should represent as closely as possible 

the actual transmission tested and the boundary conditions should 

represent those of the test (in-vehicle or test bench). Typically this 

means that the micro-geometry of the gearbox being tested should 

be measured and the exact micro-geometry used in the model. 

critical dimensions such as planet pin positions, housing bearing 

bore locations and axial and radial clearances of critical compo-

Fig. 4: Components of the rear planetary gear set in 
the six-speed transmission.

JANUARY  2012             47



nents should also be measured to ensure 

that they conform to the design specifica-

tion. ideally these measurements should be 

performed on a number of gearboxes from 

the production line to check manufactur-

ing variability. if any components are out 

of tolerance (especially micro-geometry) 

then these manufacturing issues should 

be addressed first before any further inves-

tigation continues. in terms of boundary 

conditions, we need to simulate, at least 

approximately, the upstream and down-

stream rotary inertia and torsional stiffness 

as well as the support conditions for the 

gearbox housing.

The predictions from the model should 

be compared with the baseline test results 

to confirm that the model is recreating the 

symptoms of the original problem. This 

means we can be confident that any design 

changes we make in the virtual world will 

have the same effect in the real world and 

we can now proceed to the optimization 

phase.

it is important that the loading condi-

tions we choose for the optimization do not 

just include those conditions where there 

is a gear whine problem. we also need to 

consider those conditions where the noise 

is not perceived to be annoying. This is to 

ensure that any design changes we make 

do not have a detrimental effect and we 

avoid the possibility of solving one problem 

but causing another.

The details of the optimization phase of 

the troubleshooting process are expanded 

upon in fig. 2. The heart of the process is a 

parametric sensitivity study where the most 

important parameters are varied and their 

effect on the contact pattern and Te identi-

fied. in the example shown we are only con-

sidering micro-geometry parameters, but 

other parameters could be assessed in the 

same way. overall we are looking to reduce 

the Te of individual meshes and the com-

bined Te of all meshes together while still 

maintaining a centralized contact pattern 

and acceptable surface stress to ensure 

durability is not compromised.

The sensitivity analysis is first performed 

on the planet-ring gear meshes and the 

revised micro-geometry is applied to the 

gears in the model (usually this micro-

geometry is applied only to the planet 

gear as precise hard or soft finishing of 

an internal gear is difficult in a mass pro-

duction environment). The same process 

is then performed on the sun-planet gear 

meshes and the revised micro-geometry is 

again applied. now remember that one of 

the difficulties with simulating gear whine 

in planetary gears is that changes made to 

one gear mesh affect the performance of all 

gear meshes. This means that we have now 

have to go back and repeat the analysis on 

the ring-planet meshes again to see if these 

need revising. Theoretically we could repeat 

this iterative loop until perfect convergence 

was achieved, however in practice, one 

iteration is usually sufficient.

of course our target for quantifying noise 

performance is not the Te and the contact 

pattern, but the housing vibration; so with 

the optimization phase complete, the final 

steps are to confirm that the new simulated 

vibration response for the optimized design 

is reduced to an acceptable level. This is 

then confirmed in the real gearbox by a one-

off prototype test before production of the 

transmission with the revised gear design 

can be resumed.

CaSe Study
in an sae paper, Hyundai described how 

they used these methods to address a gear 

whine problem, in a six-speed planetary 

automatic transaxle gearbox, which was 

identified by subjective testing. subsequent 

quantitative testing identified increased 

noise levels in the medium to high torque 

range (60 nm-200 nm), at engine speeds 

of 900 rpm-1300 rpm.

a complete gearbox model with detailed 

shafts, bearings, gears and housing was 

created (fig. 1). radial clearances at the 

bushes and internal clearances of the 

bearings were calculated from the design 

tolerance, accounting for thermal expansion 

under operating conditions. Details of the 

actual test gearbox (clearances and mea-

sured micro-geometry) were used in the 

model for maximum simulation accuracy. 

Three load cases were used for the testing 

and analysis to cover the operating torque 

range. romaxDesigner was then used to 

predict the vibration on the gearbox hous-

ing, the results of which compared well 

with measurements from the baseline test 

(fig. 3).

analysis of the noise measurements 

showed that the rear planetary system 

was the source of the gear whine noise 

(fig. 4). This gear set is a reversing plan-

etary arrangement comprising a sun gear, 

three inner and outer planet gears and a 

ring gear. The micro-geometry optimization 

process described above was applied to 

the gear set and a revised micro-geometry 

design was generated. Figure 3 shows 

a comparison of the predicted vibration 

response at one location for the baseline 

and optimized design. There is a clear and 

significant improvement predicted due to 

Fig. 5: Comparison of gearbox radiated noise before and after optimization.
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the recommended micro-geometry design 

changes. as a final proof of the validity 

of the optimized design, prototype gears 

were manufactured and installed in the 

transmission. The noise and vibration of 

the improved transmission was measured 

on the test bench, and the results in fig. 

5 show a reduction of 6dB in the radiated 

noise in the problematic speed range and 

the required noise target was met.

ConCluSion
noise problems with complex machinery 

are always difficult to solve and gear whine 

in automatic transmissions is no exception. 

The methods demonstrated here clearly 

show that it can be done quickly and reli-

ably provided the right tools are available. 

The key to success is to have the capability 

to model the complete transmission with 

sufficient detail and to account for the inter-

actions between all components simultane-

ously. combining this with fast computation 

times makes parametric design optimiza-

tion a practical reality.

The case study presented here shows that 

these are not just hollow claims. To achieve 

a 6dB reduction in radiated noise from a 

gearbox while being restricted to only making 

changes to gear micro-geometry is a consid-

erable achievement in a mass production 

environment.

giving engineers tools like romaxDesigner 

leads to improved product quality with reduced 

development times and costs not only when 

troubleshooting existing designs but also 

when creating a new gearbox from scratch. 

clearly, designing out noise problems on the 

computer is faster and cheaper than waiting 

until the prototyping phase and in the case 

of a new product it usually leads to a better 

design rather than one that is compromised 

by remedial changes put in place to eliminate 

problems which are identified later on in the 

development process.   
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