


ers found that a small amount of damping :
grease on switch detents effectively reduced
plastic-on-plastic clicking noise, which consumers
perceived as poor quality. In addition, damping
greases provided a smooth feel to the hand-actuat- :
ed parts of switches without the expense of manu-

facturing parts to close engineering tolerances.

Besides switches, damping greases are now
found in many industries on many types of compo-
nents, including potentiometers, clutches, springs,
screws, gears, gearboxes, hinges, solenoids and doz-
ens of sliding mechanisms. They are also finding

application in high-shear, high-load applications.

Slick Operation — How Damping Greases Work

All greases are formulated by mixing oil with a
thickener — soap, clay, silica or polymers such as
polytetrafluoroethylene (PTFE). Thickeners hold
the oil in place, and when the grease is sheared, :
for example by a rotating shaft, sliding lever or
rolling-element bearing, oil is released to lubri-

cate the moving parts.

The primary difference between conventional
greases and damping greases is shear resistance,
which is related to the internal structure of the lu-

bricant. Damping greases are formulated with vis-
cous, high-molecular-weight synthetic oils. These
oils give the greases much higher internal shear

. resistance than conventional greases. In fact, the

performance of damping grease depends more on
this internal structure than on its ability to reduce
friction between mating surfaces.

Most standard greases have a slick, almost but-
tery consistency. Damping greases, in contrast, are

. sticky, similar to nonhardening adhesives. There-
: fore, a certain level of force is required to move
i an object through damping grease. This internal

shear resistance enables damping greases to con-
trol motion: the higher the shear resistance, the
greater the degree of damping.

Because the grease adheres to moving parts, mat-
ing surfaces are less likely to contact. As solids move
within the grease, it silences the sound normally as-

: sociated with metal-on-metal, metal-on-plastic, or
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plastic-on-plastic contact. The result is quiet opera-
tion. And because manual or motor force 1s required
to move an object through the grease, its high shear
resistance prevents backlash and coasting while en-
suring smooth, incremental motion.

Damping grease allows a designer to adjust the
torque required to actuate a device — that is, to craft
the user experience economically and ergonomi-
cally. The amount of force needed to shear damp-
ing grease depends on the viscosity of the base oils.
The higher the molecular weight, the greater the
shear resistance — and the higher the torque. Prop-
er base oil selection, therefore, allows the “feel” of
a hand-operated device to be fine-tuned.

Acoustic properties can be controlled in the
same way. On focusing threads, for example,

tents, it can create a distinctive sound to indicate §

different settings. Generally, the lighter the grease,
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. the more audible the sound. As an additional ben-

efit, the viscous consistency of damping greases
i helps seal out moisture, dust and other pollutants,
. thereby extending component life.

. Quality Matters — Engineering Perceived Quality

. Consumers frequently judge quality by how a
device feels and sounds. These perceived quality
standards are so important that many manufactur-
. ers, particularly in the automotive industry, have
engineering groups devoted to eliminating buzz,
squeak and rattle (terms used in the U.S. auto in-
. dustry) or noise, vibration and harshness (as they
are called in Europe). For these applications, damp-
ing greases based on high-viscosity synthetic hydro-
. carbon oils are typically the lubricant of choice.
damping grease delivers a “quiet swish.” On de-

For example, damping greases are frequently
used in potentiometers consisting of a rotating

. shaft with a hand-operated control knob. As the




shaft turns, it moves a contact finger on a conduct- :

ing surface to control circuit resistance. Because :
these devices are usually small, slight rotary mo-
tion can cause a significant change in electrical re- :
sult. Thus, very precise settings is the design goal.

In most cases, even people with the steadiest
of hands have difficulty hitting the desired setting '
exactly. A small amount of damping grease on the
shaft helps solve this problem, permitting smooth,
incremental motion toa precise setting. The grease
also imparts a velvety, high-quality feel. More
importantly, the grease eliminates the need for

an expensive mechanical solution to control :
. column is controlled when a damping grease

In houschold appliances, noise rather than . (represented in blue] is infroduced. The result is

motion control is the primary design concern. less road wl?rohon Trovehn‘giup the steering 'shof‘r
: . to the driver's hands, providing the driver with @

Therefore, control knobs and timer motors are : L

. : : i smooth, quality ride.

often lubricated with damping grease to ensure :

free motion.

smooth, quiet motion. Some washing machine
manufacturers use damping grease to reduce :

noise on pump motor shafts.

A Formula for Success

Damping greases can be custom-formulated for a
specific set of operating conditions by experiment-
ing with various amounts and types of thickener
and base oil. The key factors in formulating a !
custom lubricant are producing the right “appar-
ent viscosity,” a measure of how stiff the grease
remains under shear, and the right “kinematic vis-

cosity,” the viscosity of the base oil alone.

This approach was used to correct the problem
of a squealing worm gear in a kitchen mixer. In an !
effort to eliminate the noise, a major appliance man-
ufacturer tested an off-the-shelf grease. However, in :
operation, the grease channeled, being pushed aside
by the gears and causing a shrill, metal-on-metal
squeal. A “pourable” damping grease eliminated
the squeak and protected the gear from wear. The
grease had the internal shear resistance necessary to
quiet the gear but was soft enough to slump back

mnto the gear teeth without channeling.

Notice how the “bouncing” motion of an
infermediate shaft of an aufomotive steering

Dialing in just the right viscosity of the grease
was a problem faced by a European luxury car
manufacturer when designing the gear motor to
operate the seat-back massager. Even with damping
grease on the gear teeth, the massage unit was still
too loud. An acoustical study showed that the mo-
tor, not the gears, was the noise source as the mo-
tor strained to overcome the high shear resistance
of the grease. The motor noise was eliminated by
reducing the viscosity of the damping grease.

Adjustable pedal systems, which come in vari-
ous design configurations, also rely on damping
greases. In one, brake and accelerator pedals
move simultaneously on a shaft, powered by an
electric motor. Damping grease on the shaft and
the spring that returns the pedal to zero position
prevents wear and ensures smooth, quiet motion.
Another design allows independent adjustment of
the pedals using cable-driven transmission gears.
Damping grease quiets the plastic gears and re-
duces mechanical noise from the cables.

Automotive stabilizer bar bushings also employ
silicone-based damping grease. Sometimes called an-
tisway or antiroll bars, stabilizer bars keep the car
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Hinges in electronic devices such as computers and
cell phones use damping grease fo “smooth out”
the flip motion and quiet squeaking or “itching.”

nents and operate at high internal temperatures.

Other automotive applications involve window
visors, HVAC air flow vents, retractable cup hold- :
ers, ashtrays, glove box latches, lumbar adjustment
knobs, sunroof motors and hand-actuated cables

: grease in an adjustable steering column. Rack-and-
of synthetic

and switches.
Non-automotive applications

hydrocarbon damping greases include outdoor :
recreation equipment, laser controls, surveying
instruments, stepper motors, hospital beds and
coin-return mechanisms on vending machines.
Damping greases also are used to control the
motion, noise and “feel” of computer mouse key
pads, camcorders, “flip” cell phones, furniture
hinges and medical devices. What’s more, gear
shifters on multispeed bicycles use silicone damp-
. ument and photo printers and copiers. The shear

ing grease to provide, smooth precise motion.

nMACHINE-
BY ENGINEERS FOR ENGINEERSg

«COMm

. High Shear — A Special Challenge

' Most applications using synthetic hydrocarbon
damping greases involve low to moderate shear or,
. at worse, high shear for only short periods of time.
However, tests of certain damping greases exposed
to high shear for extended periods of time showed
that the greases lost their mechanical stability.

This rheological behavior, however, differs

from shear thinning. Most greases shear thin as
- a function of shear rate or time, but they recover
their original viscosity when shear is removed.
Research indicates that this is not the case with
. some high-viscosity, synthetic hydrocarbon damp-
ing greases exposed to extended high shear. These
greases experience a nonrecoverable reduction in
| viscosity, that is, a permanent rheological change.
body from “rolling” in a sharp turn. The bar is at-
tached through bushings to the car frame, so that the
bar is free to rotate. While stabilizer bars do not wear
out, the rubber bushings do. Silicone damping grease '
eliminates squeaks, is compatible with the rubber, :
greatly extends the life of the bushings and does not
wash out. Disc brake caliper pins and drum brake :
adjustment screws also are lubricated with silicone
grease because they contain sensitive rubber compo- | the PTFE. This research has led to the commer-
. cialization of damping greases for high-shear com-

They simply lose their damping characteristics.
The culprit is the gellant, not the blend of syn-
thetic hydrocarbon base oils. When the same high
molecular weight oil blend is mixed with PTFE,
the grease returns to its original viscosity after
153 hours of continuous high shear. Interestingly,
shearing the grease actually improves its damping
characteristics because the shearing serves to mill

ponents requiring motion and noise control.

A luxury automaker uses a PTFE-thickened syn-
thetic hydrocarbon damping grease in its tilt-steering
gearing, and a component supplier employs a similar

pinion steering systems now rely on damping grease
to absorb road vibration and prevent its transmis-
sion through the steering column to the driver.

A light version of the shear-stable grease lubri-
cates tie rod boots, where it helps prevent rust in
addition to reducing noise and wear. And a busi-
ness jet manufacturer utilizes PTFE-thickened
grease to give its switches a silkier feel.

High-shear damping greases also help reduce
noise and costs in office equipment, especially doc-

continued on page 8




Click Here

for more information

The Right Touch

Damping greases — from very light fo ulira-heavy consistencies - provide a costeffective way o meet customers” perceptions
and expectations of “high quality.” Refer to the tables below to review typical viscosity values as well as a partial list of widely
used damping greases from Nye Lubricants.

Typical Damping Grease Applications

Damping Grease Grade Base Oil Viscosity

(Degree of Tack) (cSt) @ 25°C Typical Applications

Very Light 1,250 Return keys on keyboards  Document and photo printers

Light 4,500 Auto dimmer switches @ Starter motor solenoids

Medium 13,200 Refrigerator temperature control ® Manual seat controls

Heavy 17,500 Stereo volume controls ® Surveying equipment

Very Heavy 50,000 Auto suspension systems ® Focusing mechanism e Til-steering columns ® Medical devices

General-Purpose Damping Greases

Temperature
Product Grade Range (°C) Typical Applications
NyoGel® 779 Very Light ~ -4010 125 Automotive rotary dimmer switch
NyoGel® 795A Light -3410 125 Automotive sunroof mechanism
NyoGel® 773A Medium -17 10 125 Home light dimmer switch
NyoGel® 767A Heavy Oto 125 Microscope focusing knobs
PG-44A Extra Heavy +1510 125 Binocular focusing heads

Low-Torque/Low-Temperature Damping Greases

Temperature
Product Grade Range (°C) Typical Applications
UniFlor™ 8612 Light -20 to 250 Industrial control valves
UniFlor™ 8322 Light -20 to 250 Chemical process controls

Fluorocarbon Gel 823A-1 Medium -54 10 200 Potentiometer controls

Wide-Temperature Damping Greases

Temperature
Product Grade Range (°C) Typical Applications
NyoGel® 774VL Very Light  -4510 125 Automotive glove box latch
NyoGel® 774L Light -40to 125 Automotive HVAC controls
NyoGel® 774 Medium -40 to 125 Automotive power window switch
NyoGel® 774H Heavy -30 1o 125 Automotive steering column
NyoGel® 774VH Very Heavy  -20 10 125 Pen screw mechanism

Shear-Stable Damping Greases

Temperature
Product Grade Range (°C) Typical Applications
Fluorocarbon Gel 868VL  Very Light ~ -45t0 125 Document and photo printers ®“Return keys”
Fluorocarbon Gel 868L Light -40 o 125 Auto dimmer switches ® Starter motor solenoids
Fluorocarbon Gel 848 Medium -40to 125 Manual seat controls ® Refrigerator temp controls
Fluorocarbon Gel 868H Heavy -30to 125 Stereo volume controls ® Surveying equipment

Fluorocarbon Gel 868VH ~ Very Heavy  -2010 125 Auto suspension systems © Tili-steering columns  Focusing mechanisms ® Medical devices
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Damping Greases in Action

Automotive Interiors: Some OEMs
require door acluators fo operafe in vir
tual silence; others want a certain au-
dible feedback when the door is locked
or unlocked. Different viscosity damping
greases can meet both requirements.
Transparent,  sfay-in-place  damping
grease also gives refractable cup hold-
ers, seat tracks, ashtrays and grab bars
a quality sound and feel, providing a
low-cost allemative to expensive me-
chanical devices.

Printers: Damping grease in desk-
fop printers reduces the raftle of plastic
gears in fopbrand inkjet printers, laser
printers and multifunction peripherals.

Rack-and-Pinion Steering:
Applying damping grease fo gear teeth
and the yokerack interface minimizes
gear and yoke wear and reduces “rack
knock.” The damping effect of the
grease also produces a smooth, quality
feel throughout the steering system.

Power Mirrors: The plastic exte-
rior housing of electrically controlled
side mirrors acts like an acoustic am-
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plifier that creates an annoying buzz
ing sound. A light viscosity damping
grease in the mirror's gears reduces
vibration and noise.

Starter Motors: Calling of the sole-
noid pisfon in sfarter motors can lead fo
starter failure, but waterresistant damp-
ing grease mitigates the problem. In
addition to reducing wear, damping
grease slows the motion of the piston to
minimize gear misalignment and gear
knock. By extending gear life, it also
reduces warranty claims.

Medical Devices: A plastic dispos-
able insulin delivery device uses damp-
ing grease to control the speed of
insulin injection. The damping grease
confrols initial energy output and trans-
forms it info a consistent applied force.
Without the grease, the patient might
not receive the proper dosage.

Dials, Slides, Switches: Damping
grease improves the perceived quality
of hand-operated plastic dials, slides
and switch components. The “stickiness”
of the grease tightens a loose fit and im-

parts a smooth quality feel. Grease vis-
cosity can be varied to produce specific
acoustic or factile characteristics.

Hinges: Most grease is used fo re-
duce resistance, but
stiffness of damping grease increases
resistance. Flip-phone hinges, stadium
seats and springloaded doors on au-
dio equipment and fine cabinetry use
damping grease fo provide smooth mo-

the measured

fion. In some cases damping grease
can replace a gear frain to create con-
trolled motion.

Appliances: Damping grease gives
confrol knobs on ranges and other white
goods a “quality feel.” light viscosity,
almost “pourable,” damping greases
are also used fo quiet gearboxes in
countertop appliances.

Bearings: Bearings used in low-speed,
heavily loaded applications can benefit
from damping grease. In steering col-
umn bearings, for example, it absorbs
vibration and reduces noise. Damping
grease can also add precision fo any
manual positioning device that relies on
a bearing.




continued from page 5

rate of gearing in these products is not as demand-
ing as that in steering columns. However, shear

ents an equally demanding challenge. Shear-stable
damping greases improve the performance of plas-
tic gears in office printers and help cut costs by

replacing more expensive mechanical solutions.

Smooth Selection — Choosing Damping Grease

Both objective and subjective criteria are used to :
match a damping grease to an application. Objectively, :
damping greases must retain damping qualities over
the expected temperature range, a capability related
to the viscosity index (VI) of the oil. VI indicates the
effect of temperature change on oil viscosity. Low VI
signifies a relatively large viscosity change with tem- :
perature. In other words, the oil becomes extremely
thin at high temperatures and extremely thick at low
temperatures. On the other hand, high VI signifies
relatively little change in viscosity with temperature.
An ideal oil for most purposes maintains close to con-

stant viscosity throughout a wide temperature range.

based damping greases damp at room temperature
and are still functional at -60°C and +200°C. How- :
ever, because of potential contamination problems,
silicone-based greases are not recommended for

optical and electrical applications.
Material compatibility is another important

consideration. For example, synthetic hydrocar- :

bons may weaken polyethylene, polystyrene,

way to ensure material and lubricant compatibility

is through life testing.
High-viscosity, silicone-based damping greases

are recommended for applications where mate- :

rial compatibility is an issue. These greases are

with all plastics and elastomers, except silicone-

i based rubber. Although silicone tends to migrate,
time in these constantly moving components pres-

the molasses-like viscosity of the base oil gelled in
PTFE virtually eliminates migration.

Subjective design considerations primarily in-
volve the “feel” a designer wants to attain. General-

ly, the more delicate the device (that is, the lower the
torque), the lighter the grease. A variety of grease
consistencies is available — from very light to ultra

heavy — to meet the needs of every application. The
tables (see page 6) list typical viscosity values and
applications for damping greases.

Nye has four families of damping greases. All
are nonmelting, shear-stable and compatible with
most plastics.

The tables also provide a partial list of widely used
Nye damping greases. 1o achieve the right feel, test-
ing various amounts of candidate greases at the lowest
expected operating temperature is recommended.

A final consideration is the method of dispens-
ing grease in the manufacturing environment. When

i using high-speed, automated dispensing equipment,
Synthetic hydrocarbon greases are suitable for
applications operating at-40°C to +125°C. Silicone-

especially when small amounts of grease are applied
to each device, air can be entrained in the grease, and
some parts may not be lubricated. Deaeration helps
minimize this problem.

Conclusion

The ideal application for damping greases is
: where a small amount of lubricant can control free

motion, provide a velvet feel, reduce noise, allow

precision settings by hand, or any combination of
polyvinyl chloride plastics and some low-density
elastomers. Thus, compatibility may be a consid-
eration in long-life applications. While material
manufacturers offer compatibility charts, the best :

these properties. In these and other applications,
damping greases provide a cost-effective way to
keep today’s demanding consumers happy.
Finally, damping greases are not appropriate
for every application. While they have been used

. successfully in many low-torque devices, many
i very-low power devices cannot overcome even the

lightest damping grease. Also, very low-cost de-

vices typically cannot absorb the cost of a quality
typically thickened with PTFE and are compatible

damping grease. ®
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