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AN APPARATUS COMPRISING A GEAR OF A THERMOPLASTIC POLYMER
COMPOSITION

The invention relates to a n apparatus comprising gear of a
thermoplastic polymer composition. Gears of thermoplastic polymer compositions are
well known in the art and have found wide acceptance since many years.

Gears of thermoplastic polymers have replaced metal gears in many
apparatus. Examples of such apparatus are domestic appliances, for instances DVD
players, washing machines and kitchen equipment, but also apparatus used in cars,
like for example a system for opening and closing windows, fuel pumps and other
electric equipment serving in cars.

One of the most important advantages of gears of thermoplastic
polymers is their cost effective fabrication process by injection moulding, while metal
gears often have to be cut and grinded. Furthermore it is simple to integrate other parts
in the gears, the gears have a good ability to dampen shocks and impact loads, offer
weight reduction and noise reduction and are able to run without or with a minimum of
lubrication.

The polymeric materials of choice for gears are traditionally nylon
(PA) and acetal resins (polyoxymethylene abbreviated by POM). Gears of PA resist
high temperatures, provide a high noise reduction and have a high shock and impact
resistance. Gears of POM have a very low moisture uptake and therefore a high
dimension stability. The gears of POM have good mechanical properties at low
temperatures, which makes them very suitable for critical applications at low
temperatures, where high forces have to be transferred and high accuracy is important,
for example in small and complex gears, worm gears and helical gears. A
disadvantage of gears of POM however is the relatively low thermal resistance, so that
POM gears can not be used at elevated temperatures, in general not above 80 °C.

Sprockets and bearings of thermoplastic polyester have been
produced by cutting them from a stock shape of post-condensated polyester.

The post condensated polyester has a very high polymeric weight,
which makes the polymer strong enough for such applications. However such products
have not found wide acceptance, since they have a costly fabrication process.

Object of the present invention is to provide an apparatus comprising
a further gear of a thermoplastic polymer, the gear having adequate properties and
being economical to produce.
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Surprisingly this object is obtained by an apparatus comprising a gear
of an unreinforced polymer composition containing polyethylene terephthalate (PET),
which gear has been fabricated by injection moulding.

The gear is very cost effective, since it is fabricated by an injection
moulding process. It is very surprising that the injection moulded gear of PET shows
adequate properties for use in an apparatus, for example a high strength, high
dimensional stability, but also a low coefficient of friction and a high wear resistance.
This while in the long time that gears of a thermoplastic polymer exist an apparatus
comprising a gear of an unreinforced polymer composition containing PET , which gear
has been fabricated by an injection moulding process has never been reported. It is
true that in US-4,435,546 in the examples the injection moulding of a gear wheel of a
polymer composition comprising a specific polyester copolymer has been reported.
However the gear was a test specimen, used to test the injection moulding properties
of the polymer composition and no indication was given that a gear of an unreinforced
polymer composition comprising PET, which gear was injection moulded, is so useful
for use in an apparatus.

The gear of the apparatus according to the invention has furthermore
accurate dimensions, resists high temperatures and resists humid conditions.

Unreinforced means in the context of the present application that the
polymer composition contains at most 5 weight % a reinforcement agent, such as for
example glass fibers or other further mineral fibers, carbon fibers or whiskers, like for
example wolastonite. Preferably the amount of reinforcing agent is at most 2 weight
percent, more preferably at most 1 weight percent. Most preferably the polymer
composition does not contain any of the above-mentioned reinforcing additives.
Although the strength of composition is enhanced by the reinforcing additives, the wear
resistance is negatively influenced.

In the context of the present invention polyethylene terephthalate
resin is understood to be the condensation product of ethane diol and terephthalic acid.
Such a PET resin is obtainable by direct esterification of ethane diol and terephthalic
acid or by transesterification of ethane diol with the dimethyl ester of terephthalic acid,
thus comprising the esterified residues of ethane diol and terephthalic acid.

The polyethylene terephthalate that is used in the polymer
composition of the gear of the apparatus according to the invention is a polyester
produced from terephthalic acid or an ester thereof and ethylene glycol as main
monomers. The polyethylene terephthalate can also contain small amounts of other
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diacids, like isophtalic acid, or other diols, like diethylene glycol as comonomers.
Preferably the composition contains at least a polyethylene terephthalate
homopolymer. A polyethylene terephthalate homopolymer is herein understood to
contain less than 5 mole% of monomers other than terephthalic acid or an ester thereof
and ethylene glycol. The advantage of such a homopolymer is a higher melting point
and better crystallisation behaviour. More preferably the polyethylene terephthalate
contains less than 4 mol%, even more preferably less than 3 mol% and most preferably
less than 2 mol% of comonomer.

Preferably at least 50 weight % of polyethylene terephthalate in the
composition is a homopolymer, more preferably at least 75 weight %, more preferably
at least 90 weight %, more preferably at least 95 wt. %, more preferably at least 98 wt.
%, more preferably at least 99 wt. %.

Preferably the composition contains at least 50 weight % of
polyethylene terephthalate, more preferably at least 75 weight %, more preferably at
least 90 weight %, more preferably at least 95 wt. %, more preferably at least 98 wt. %,
more preferably at least 99 wt. %.

For injection moulding of the gear of the apparatus according to the
invention the standard injection moulding equipment for injection moulding of PET may
be used.

Preferably the PET in the polymer composition used to produce the
gear of the apparatus according to the invention has a relative solution viscosity (RSV)
before injection moulding of between 1.6 and 2.2, more preferably between 1.7 and
2.1, even more preferably between 1.8 and 1.95 (determined by diluting 1 gram of
polymer in 125 grams of solvent at 25°C, the solvent consisting of 7.2 parts by weight
2,4,6 trichlorophenol and 10 parts by weight phenol). Preferably the PET in the polymer
composition after injection moulding of the gear of the apparatus according to the
invention has a relative solution viscosity (RSV) of between 1.5 and 2.1, more
preferably between 1.6 and 2.0, even more preferably between 1.75 and 1.85.

In this way a gear is provided that shows very good mechanical
properties, especially good resistance against impact and shocks.

The polymer composition of the gear of the apparatus according to
the invention may comprise additives to lower the friction, for example graphite,
molybdenum sulphide and PTFE. However the gears show also without these additives
already a very low friction. Also the difference between dynamic and static friction is

very low.
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The gear preferably contains a web that contains less than 30 % of
openings, more preferably less than 20 % of openings, more preferably less than 10 %
of openings, most preferably no openings at all. In this way a very strong gear is
obtained by the injection moulding process.

The web is the part of the gear between the gear ring and the axel or
opening to receive the axel. The % of openings in the web is calculated from the total
surface of openings in the web and the total surface of the web in side view of the gear
(parallel to the direction of the axel).

Especially suitable gears of the application according to the invention
have a diameter between 10 and 80 mm. The gears may be worm gears, helical gears
or spur gears. Preferably the gears are helical gears, even more preferably the gears
are worm gears. This is because such gears must have very accurate dimensions and
dimensional stability and also must be able to withstand high forces and the gears
according to the invention have shown to be able to fulfil these conditions.

The invention is also directed to a process for injection moulding the
gears according to the invention.

The polymer composition used in the injection moulding process
according to the invention preferably contains less than 0.015 wt. % of water, more
preferably less than 0.01 wt. %, more preferably less than 0.005 wt. %, even more
preferably less than 0.002 wt. %., even more preferably less than 0.0015 wt. %.
Surprisingly it has been shown that because of the very low water content of the
composition during injection moulding of the gears, the gears fabricated from the
composition show improved mechanical properties, like resistance to impact and
shocks. The composition may be dried by using the normal methods for drying polymer
compositions containing PET, however by extending the drying time to obtain the very
low water content in the composition. The composition is for example dried at a
temperature of 100 — 130 °C, preferably at a temperature of between 115 and 125 °C.
The drying time may be at least 8 hours, preferably between 10 and 14 hours. An
example of a suitable process of drying the composition includes the process for
dehumidifying PET in a hopper dryer or a stand alone dryer with regenerating
desiccants attaining a dew point of between - 30 and - 40 °C of the circulated hot air in
the dryer. After drying the composition is preferably directly transported to the hopper
of the injection moulding machine.

Good results are obtained if the temperature of the surface of the
mould cavity is between 120 and 150 °C, more preferably between 125 and 150 °C,
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more preferably between 130 and 150 °C, most preferably between 135 and 145 °C.
The melt temperature of the polymer composition is preferably between 265 and
290 °C, more preferably between 270 and 285 °C, most preferably between 275 and
280 °C.

Examples of apparatus according to the invention include electric
equipment serving in cars, for instance apparatus for window lifting equipment, wiper
systems and seat recliner systems, aircos and systems operating air valves in cars and
also domestic appliances, like for example coffee machines, mixers, kitchen machines,
DVD players, washing machines but also printers, paper shredders etc.

Materials used:
Arnite™ A04 900, polyethylene therephthalate (PET) having a RSV of 1.93 delivered
by DSM, the Netherlands
Akulon™ S223-D, polyamide 66 delivered by DSM, the Netherlands.
Drying of the PET

PET was dried just before injection moulding in a stand alone hot air
dryer for 12 hours at a temperature of 120 °C. Hot air was circulated and dried to obtain
a dew point of — 30 °C. The water content after drying was 0.0015 wt. %.

Injection moulding

Gears having a diameter of 41 mm were injection moulded using an
Engel ™ 80 ton injection moulding machine.
For the PET the melt temperature was 275 °C and the mould cavity temperature was
120 respectively 140 °C.
For the PA66 the melt temperature was 290 °C and the mould cavity temperature was
80 °C.

Testing of the gears

The gears were mounted in a testing apparatus containing an
electromotor and a steel gear mounted on the output axle of the electromotor. The
steel gear has a matching geometry to the PET gear of the apparatus according to the
invention and to the PAB6 gear (the plastic gears). Both plastic gears were adjusted in
the apparatus so that the gears were driven by the steel gear.
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The rotational speed of the gears was 1500 rpm. The gears were not
lubricated. The plastic gears were rotating against a brake system providing a counter
torque.

Example |, comparative experiment A

The PET gear and the PA66 gear were tested as explained above at
23 °C and 80 °C for 10° cycles. After that the dimensions of the teeth of the gears were
measured. Both the PET and the PAG6 gear showed an acceptable wear pattern and
s0 passed the test.

Example ||
PET gears were tested at different counter torques provided by the

brake system. The torque whereby the gear failed after about 10° cycles by braking of
teeth was determined. During injection moulding the water content of the PET
composition was 0.015 wt. % and the mould cavity temperature was 120 °C.

The outcome of the test was a torque of 0.6 Nm.

Example I
Like example Ill, however the water content of the PET was 0.0015

wt. %. The torque was 1.2 Nm. It is clear that when the PET composition has been
dried, that the resulting gear has an increased durability.

Example IV
Like example IlI, however the mould cavity temperature is 140 °C.

The torque was 1.4 Nm. It is clear that when the PET composition has been injection
moulded at a mould temperature that has been increased from 120 to 140 °C, the
resulting gear has an increased durability.
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10.

11.

CLAIMS

An apparatus comprising a gear of a polymer composition containing
polyethylene therephthalate (PET), containing at most 5 wt. % of a reinforcing
agent, characterised in that the gear has been fabricated by injection
moulding.
An apparatus comprising a gear according to claim 1, wherein the polymer
composition contains at most 2 wt. % of a reinforcing agent.
An apparatus comprising a gear according to claim 1, wherein the polymer
composition contains at most 1 wt. % of a reinforcing agent.
An apparatus comprising a gear according to any one of claims 1 - 3, wherein
at least 50 wt. % of the PET in the polymer composition is a homopolymer.
An apparatus comprising a gear according to any one of claims 1 - 5, wherein
the PET used in the injection moulding process of the gear has a relative
solution viscosity of between 1.6 and 2.2, determined by diluting 1 gram of
polymer in 125 grams of solvent at 25°C, the solvent consisting of 7.2 parts by
weight 2,4,6 trichlorophenol and 10 parts by weight phenol.
An apparatus comprising a gear according to any one of claims 1 - 5, wherein
the PET after injection moulding has a relative solution viscosity of between
1.5 and 2.1, determined by diluting 1 gram of polymer in 125 grams of solvent
at 25°C, the solvent consisting of 7.2 parts by weight 2,4,6 trichlorophenol and
10 parts by weight phenol
Process for the production of the gear as defined in any one of claims 1 — 6,
wherein the polymer composition contains less than 0.01 wt. % of water.
Process for the production of the gear as defined in any one of claims 1 — 6,
wherein the polymer composition contains less than 0.005 wt. % of water.
Process for the production of the gear as defined in any one of claims 1 — 6,
according to any one of claims 7 or 8, wherein the temperature of the surface
of the mould cavity is between 120 and 150 °C.
Process for the production of the gear as defined in any one of claims 1 — 6,
according to any one of claims 7 — 9, wherein the melt temperature is between
265 and 290 °C.

Gear as defined in any one of claims 1 — 6 or produced according to

the process of any one of claims 7 — 10, wherein the gear is a worm gear or a helical

gear.
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