SEW‑EURODRIVE — Driving the world

UNDERSTANDING MORE ABOUT
THE THERMAL AND ACOUSTIC
PROPERTIES OF GEAR UNITS

FAQ
Are you interested in the physics of gear units? Would you like to learn more
about the underlying thermal and acoustic properties and how they affect the
dimensioning and operation of a drive?
This brochure provides you with an overview of key questions and answers
that will help you see your gear unit through new eyes in the future.
Source: “Thermik und Akustik” (“Thermal and acoustic properties”) technology talk held by Dr. Claus Kunik and Dr. Konstantin Völker
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HOW IS HEAT GENERATED IN GEAR UNITS ...
The conversion of torque and rotational speed
leads to power losses in the gear unit components.
This is caused by factors such as the shape of the
gear unit housing, oil level, oil flow, oil viscosity,
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oil temperature, the circumferential velocity of the
gears, and the frictional torque of the bearings and
seals.

WHY IS THE THERMAL BEHAVIOR
OF GEAR UNITS SO IMPORTANT?
The temperature of the gear unit oil during operation has a major impact on the service life of the
lubricant itself, but also on the gear unit components. The more the oil bath temperature rises, the
more the service life of the gear unit oil decreases
and the oil change intervals become shorter. One
reason for this is that viscosity decreases as
temperature increases. The oil becomes runnier.
From a certain viscosity, this effect has a critical
influence on the gear unit components.
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These physical conditions therefore need to
be taken into account when designing a gear
unit. There may also be additional thermal
restrictions at the customer’s end due to
the nature of the application.
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Heat generation
The conversion of torque and rotational speed
leads to power losses in the gear unit components. These losses decrease as the temperature
increases.
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— Oil service life (min)
— Oil service life (max)

— Oil viscosity

Oil service life decreases as the oil bath temperature
increases.

Oil viscosity decreases as the oil bath temperature
increases.
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... AND HOW CAN THIS HEAT BE DISSIPATED?
The power loss incurred is released in the form of
heat to the gear unit oil and through the housing
wall into the environment. How much heat is dissipated very much depends on the internal transfer
of heat and the external conditions, particularly the
ambient temperature.

The thermal behavior of a gear unit is thus
determined by the interplay between the
generation and dissipation of heat.

αRadiation
αTangential flow
αStagnation flow

αFree convection

HOW DOES THE OIL LEVEL IN THE GEAR UNIT
AFFECT HEAT TRANSFER?
The heat in gear units is transferred via the oil to
the housing wall. This exchange of oil on the walls
depends, among other things, on the oil level,
rotational speed, gear ratio, the type of gear unit
(type of gearing), the wall clearance and the
direction of rotation.
The level of oil in the gear unit has a particularly
major impact on this process. The heat can be
transferred better to the wall with a standard level
of oil than if a lower oil level were selected. In this
case, however, the churning losses caused by the
gearing increase.

Unlike with the standard level of oil, an oil collector
must be used if the oil level is low. This collects
the oil spun from the gear wheels and spreads it
optimally into the bearing points to lubricate the
bearings that are no longer in the oil.
The reduction in power loss outweighs the lowering
of the oil level up to a certain point. Finding this
perfect balance is the key to a thermally optimized
gear unit.

Internal heat transfer – from the oil to the wall:
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Heat dissipation
The gear unit housing dissipates the heat
via physical transportation mechanisms
to the environment. The higher the temperature,
the more heat is dissipated.

Fig. 1: Heat transfer with standard oil level > no oil collector required >
improved heat transfer to the wall
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Fig. 2: Heat transfer with reduced oil level > reduced losses > oil collector required >
reduced heat transfer
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HOW CAN GEAR UNITS BE THERMALLY OPTIMIZED?
Although less power is lost as the oil bath temperature increases, the oil also loses viscosity and
the service life decreases as a result. The point
at which the temperature curves of falling power
loss and rising heat dissipation intersect is the
steady-state temperature. When this temperature
is reached, there is said to be a thermal
equilibrium between the heat energy generated
and dissipated.
In the case of thermal optimization, e.g. to extend
the service life, the key is to shift this intersection

point to the left, i.e. to reduce the steady-state
temperature. This is achieved either by reducing
losses or improving heat dissipation. The calculations required for this purpose must factor in
a whole range of influences.

WHAT ARE THE COMPLEX
THERMAL CALCULATIONS BASED ON?
Calculation tools are based on measured values
from countless laboratory tests and field trials.
Although laboratory tests offer greater accuracy,
certain values can only be measured under defined
conditions directly at the customer’s site. This is
because thermal calculations depend on a whole
range of variables, including the influences resulting from the gear unit data and the application’s
environmental and operating conditions such as
the installation site, sunlight, cooling options,
cyclic duration factor, etc.

The following factors form the basis of the
calculation software: behavior and properties
of gear unit components and lubrication, heat
transportation mechanisms, and flexibility models
designed to determine the appropriate bearing
preload.

For instance, a customer-specific transient
calculation that factors in the cyclic duration
factor and thus the time dependency of
the processes can very much improve the
thermal design/dimensioning of an industrial
gear unit.

Oil temperature behavior:
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Here, the calculation accuracy is as shown.
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The intersection point, which is the equilibrium of heat generation
and heat dissipation, reveals the steady-state temperature.
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Options for thermal optimization: reducing losses or increasing
heat dissipation.
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The sound pressure level perceived at the customer’s end depends both on the emitted sound
power and the environmental conditions. The latter
particularly includes the distance between an
employee and the machine, as well as the impact
of reflections and other sources of noise in the
surrounding area.

LEVEL OF NOISE – WHAT DO MANUFACTURERS SPECIFY
AND WHAT DO CUSTOMERS REQUEST?
When trying to avoid increased levels of noise,
there are two aspects to consider – the source that
gives off the sound (emission) and the person
affected by those noises (immission). In theory,
there is thus a distinction drawn between sound
power for emission and sound pressure for immission. Sound power is measured in watts (W), while
sound pressure is measured in Pascal units (Pa).
In practice, however, it is the levels of these measured variables that are used as a guide. These
levels are logarithmic values, with the sound power
level referring to a reference value of 1 pW and

WHY DO DRIVE MANUFACTURERS SUCH AS SEW-EURODRIVE
STATE THE SOUND POWER LEVEL ON THEIR PRODUCTS,
AND NOT THE SOUND PRESSURE LEVEL FEATURED IN THE
CUSTOMER’S LIST OF SPECIFICATIONS?

That is how an industrial gear unit exhibiting
LW = 95 dB(A) at a constant sound power level

the sound pressure level based on a reference of
20 µPa. The sound power level is required as part
of a manufacturer’s noise declaration for a machine. The sound pressure level states the effect of
a machine noise on employees at the workplace.
What both levels have in common is the fact that
they are described as decibel (dB) values. Owing to
their different physical basis, however, this means
that a sound power level of, say, 50 dB – as stated
by a machine manufacturer – is not identical to the
sound pressure level of 50 dB requested by the
customer.

achieves a sound pressure level Lp of 80 dB(A) in
an anechoic acoustic measuring chamber, 82 dB(A)
in a low-noise standard measuring chamber,
85 dB(A) in an industrial environment, and 90 dB(A)
in a more harsh environment.
By factoring in the measuring surface level LS,
it is possible to convert sound pressure level
into sound power level and vice versa.

Sound power level

Sound pressure level

LW = 10 log (P / P0) dB
L: Level
W: Index for power (unit, watt)
P: Power
P0 = 1 pW

Lp = 20 log (p / p0) dB
L: Level
p: Index for pressure (unit, pascal)
p: Pressure
p0 = 20 µPa

LW = Lp + LS		LS = 10 log (S / S0) dB
LS: Measuring surface level
S0: 1 m2

Sound power level
Sound pressure level
Delta

Acoustic measuring
chamber

Standard measuring
chamber

Industrial environment

Harsh environment

95 dBA/1 pW
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+10 dBA/20 µPa
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HOW DOES NOISE DEVELOP IN GEAR UNITS
AND HOW IS THE LEVEL OF NOISE MEASURED?
The frequencies causing the noise are triggered
by the tooth engagement (depending on stiffness),
imbalance, the bearings (depending on stiffness)
and the flow conditions of oil and air (fans and
turbulence). In addition to this, there is the transfer
and emission of sound (resonances), which are
dependent on the gear unit structure (material,
material thickness, mass, joints and damping).
In the case of industrial gear units, the sound
power level is measured in line with the
ISO 9614-2 standard. For this purpose, the
drives are placed in a low-noise test chamber
that has a short reverberation time of less than
0.5 seconds.

X-series industrial gear unit

A sound intensity probe is used as the measuring
instrument. The measuring time for each area lasts
around one minute. Measured at a distance of
0.2 meters from the gear unit surface via the five
freely accessible areas (the mounting surface is
excluded), the overall duration for one measuring
point lasts approximately 15 minutes. The sound
power level then corresponds to the sum of the
entire measuring surface.
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HOW CAN NOISE BE REDUCED?
On the one hand, the level of noise can be lowered
by reducing vibration (optimization of gearing, etc.).
On the other, an improvement can be achieved by
using quiet fans and reducing the fan diameter
and/or the circumferential velocity of the fan wheel.

As a high-end solution, the new
Generation X.e fan and fan guard
concept considerably improves thermal
and acoustic properties by using different
fan diameters and optimum airflow.

Other measuring conditions apply to the standard
7-series gear units from SEW‑EURODRIVE. In this
case, the drives are placed in an anechoic test
chamber (sound absorption above 0.99). Measurements are taken via five microphones, with a measuring time of eight seconds for each load point.

Standard 7-series gear unit

The new Generation X.e
fan and fan guard
concept
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