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Docket No.: 75124

DECLARATION FOR PATENT APPLICATION AND ASSIGNMENT
GEARBOX ASSEMBLY FOR A TWIN-SCREW EXTRUDER,

TREATMENT INSTALLATION FOR MATERIAL TREATMENT
Title of the Invention: COMPRISING A GEARBOX ASSEMBLY OF THIS TYPE. ..

As a below named inventor, | hereby declare that:

This declaration is directed to:

Xl The attached application, or

7 United States application or PCT international application number
filed on

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the
application.

WHEREAS, Coperion GmbH

(hereinafter referred to as Assignee) having a place of business at
Theodorstrasse 10, 70469 Sttutgari, GERMANY

is desirous of acquiring the entire right, title and interest to said invention and in the Letters
Patent to be obtained therefor from the United States;

NOW THEREFORE, be it known by all whom it may concern, that for and in consideration of the
sum of One Dollar ($1.00) (or the equivalent thereof in foreign currency) and other valuable
consideration, the receipt of which is hereby acknowledged, | have assigned, sold and set over
and by these presents do assign, sell and set over unto the said Assignee for the territory of the
United States of America and not elsewhere, the full and exclusive right, title and interest in and
to the said invention, said invention, application and Letters Patent to be held and enjoyed by
the said Assignee for its own use and behoof and for the use and behoof of its successors and
assigns to the full end of the term for which said Letters Patent is granted, as fully and entirely
as the same would have been held by me had this Assignment and sale not been made.

| hereby acknowledge that any willful false statement made in this declaration is punishable
under 18 U.5.C. 1001 by fine or imprisonment of not more than (5) years, or both.

LEGAL NAME OF INVENTOR

ENVENTOR Bernhard WENGERT

T(‘\' rl
i f
=lnventor's signature f’;‘n SR L 5 o

-Date__ /"

McGLEW & TUTTLE, P.C., Box 9227 Scarborough Station, Scarborough N.Y.10510-8227 U.S.A
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GEARBOX ASSEMBLY FOR A TWIN-SCREW EXTRUDER,
TREATMENT INSTALLATION FOR MATERIAL TREATMENT
COMPRISING A GEARBOX ASSEMBLY OF THIS TYPE, AND
METHOD FOR THE STARTUP OF A TREATMENT INSTALLATION
COMPRISING A GEARBOX ASSEMBLY OF THIS TYPE

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the priority of European Patent Application, Serial
No. EP 14 168 171.8, filed on 13" May 2014, pursuant to 35 U.S.C.
119(a)-(d), the content of which is incorporated herein by reference in its

entirety as if fully set forth herein.

FIELD OF THE INVENTION

The invention relates to a gearbox assembly for a twin-screw extruder
comprising a speed change gearbox for adjusting a screw shaft speed of
two screw shafts of a twin-screw extruder, a speed reduction gearbox, a
distribution gearbox with two distribution gearbox output shafts allowing
the screw shafts of the twin-screw extruder to be coupled thereto. The in-
vention further relates to a treatment installation for material treatment
comprising a gearbox assembly of this type. The invention further relates
to a method for the startup of a treatment installation comprising a gearbox

assembly of this type.

BACKGROUND OF THE INVENTION

A driving apparatus for a twin-screw extruder is known from DE 101 01

255 A1 (corresponding to US 2001/008 372 A1). The driving apparatus

12.05.2015 §/8175124-1.dos
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comprises a gearbox driven, at the input end, by a main motor and an auxil-
iary motor while the output end thereof 1s connected to the screw shafts of
the twin-screw extruder. The gearbox comprises a superposition gear
mechanism configured as a planetary gear mechanism, a distribution gear-
box and a speed change gearbox. The speed change gearbox serves to ad-
Just the rotational speed or speed of the screw shafts. To change the speed,
one pair of gears is replaced by another pair of gears having a different

gear ratio.

SUMMARY OF THE INVENTION

The invention 1s based on the object of providing a gearbox assembly that
ensures a high flexibility and a high productivity in the operation of a twin-

screw extruder.

This object is achieved by a gearbox assembly for a twin-screw extruder,
the gearbox assembly comprising a speed change gearbox for adjusting a
screw shaft speed of two screw shafts of a twin-screw extruder, a speed
reduction gearbox, a distribution gearbox with two distribution gearbox
output shafts allowing the screw shafts of the twin-screw extruder to be
coupled thereto, wherein the speed change gearbox is arranged at a driving
end, wherein the speed reduction gearbox couples the speed change gear-
box to the distribution gearbox, and wherein the speed reduction gearbox
has precisely one speed reduction gearbox input shaft, and a speed change
gearbox output shaft of the speed change gearbox is detachably connected
to the speed reduction gearbox input shaft so that the speed change gearbox
and the speed reduction gearbox are configured such as to be separable
from each other. Due to the fact that the speed change gearbox is mounted

to the input end of the gearbox assembly and 1s configured such as to be
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separable from the speed reduction gearbox, the gear ratio of the gearbox
assembly 1s easily changeable by replacing the speed change gearbox. It
was recognized according to the invention that the gear ratio can be ad-
justed more easily and quickly if the entire speed change gearbox is re-
placed instead of simply replacing the gears of the speed change gearbox,
as 1s known from prior art. To this end, the speed change gearbox is con-
figured as an individual gearbox module, in other words as an individual
gearbox unit physically separated from the speed reduction gearbox. The
speed change gearbox has a gear ratio 1y the absolute value of which is
such that 1y # 1. This means that the gear ratio of the speed change gearbox
may be greater or smaller than 1, depending on what is required. The speed
change gearbox in particular has a single-stage configuration. The speed
reduction gearbox couples the speed change gearbox to the distribution
gearbox. The speed reduction gear has a gear ratio ig the absolute value of
which 1s such that iz > 1. The speed reduction gearbox in particular has a
single-stage configuration. Due to the fact that the speed change gearbox 1s
configured as an individual gearbox module, the speed change gearbox can
be easily and quickly replaced by another speed change gearbox. This al-
lows the gear ratio to be changed quickly, thus ensuring a high flexibility in
the operation of the twin-screw extruder as well as a high productivity as a
result of reduced downtimes. Furthermore, in the event of an upcoming
maintenance and/or a defect, the speed change gearbox is just as easily and
quickly replaceable by another speed change gearbox. This reduces down-
times as well, thus ensuring a high productivity. The gearbox assembly
preferably serves to drive a twin-screw extruder for rotation in the same

direction.

The gearbox assembly ensures an easy and quick replacement of the speed

change gearbox, and therefore leads to a high flexibility and productivity in
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the operation of a twin-screw extruder. The speed change gearbox output
shaft and the speed reduction gearbox input shaft form a detachable shaft
connection that is easily detachable when replacing the speed change gear-
box, thus allowing the speed change gearbox output shaft to be easily and
quickly separated from the speed reduction gearbox input shaft. The speed

reduction gearbox has precisely one speed reduction gearbox input shaft.

A gearbox assembly provided with a speed change gearbox that has a
speed change gearbox input shaft at the driving end allowing a drive motor
to be detachably coupled thereto ensures an easy and quick replacement of
the speed change gearbox, and therefore leads to a high flexibility and pro-
ductivity in the operation of a twin-screw extruder. Due to the fact that the
speed change gearbox input shaft is detachably coupled to a drive shaft of
the drive motor, in other words they form a detachable shaft connection,
the speed change gearbox is quickly separable from the drive motor in the
event of an upcoming replacement. The detachable shaft connection is in
particular formed by a coupling between the drive motor and the speed
change gearbox. To this end, the coupling has a coupling element at the
input end, the coupling element being mounted to the drive shaft, as well as
a coupling element at the gearbox, the latter being mounted to the speed
change gearbox input shaft, with the coupling elements being connected to
each other in a torque transmitting manner via a friction element. The fric-
tion element 1s detachably mounted to one of the coupling elements, thus
allowing the shaft connection to be separated by demounting the friction
element. Preferably, the speed change gearbox has precisely one speed

change gearbox input shaft.

A gearbox assembly in which the speed change gearbox output shaft has a

gear disposed at the output end thereof, with the speed change gearbox
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output shaft being mounted, by means of radial bearings, on both sides of
the gear, in particular to a speed change gearbox housing, ensures an easy
and quick replacement of the speed change gearbox, and therefore leads to
a high flexibility and productivity in the operation of a twin-screw ex-
truder. Due to the fact that the speed change gearbox output shaft s
mounted in radial bearings on both sides of the gear, the mounting of the
speed change gearbox output shaft is independent of a mounting of the
speed reduction gearbox input shaft connected thereto. As a result, the
speed change gearbox output shaft is securely and reliably mounted both
during operation and during a replacement of the speed change gearbox.
Preferably, a speed change gearbox input shaft is mounted in radial bear-
ings on both sides of an input gear disposed on the speed change gearbox
input shaft. As a result, the speed change gearbox input shaft is securely
and reliably mounted both during operation and during a replacement as
well. The speed change gearbox input shaft is in particular mounted to a
speed change gearbox housing configured separately, in other words it 1s

separate from a speed reduction gearbox housing.

A gearbox assembly the speed reduction gearbox input shaft of which has a
gear disposed at the input end thereof, with the speed reduction gearbox
input shaft being mounted, by means of radial bearings, on both sides of
the gear, in particular to a speed reduction gearbox housing, ensures an
easy and quick replacement of the speed change gearbox, and therefore
leads to a high flexibility and productivity in the operation of a twin-screw
extruder. Due to the fact that the speed reduction gearbox input shaft is
mounted 1n radial bearings on both sides of an input gear, the mounting of
the speed reduction gearbox input shaft is independent of the mounting of

the speed change gearbox output shaft connected thereto. Preferably, the
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speed reduction gearbox has precisely one speed reduction gearbox input

shaft.

A gearbox assembly provided with a speed change gearbox housing of the
speed change gearbox and a speed reduction gearbox housing of the speed
reduction gearbox configured such as to be separate from each other en-
sures an easy and quick replacement of the speed change gearbox, and
therefore leads to a high flexibility and productivity in the operation of a
twin-screw extruder. Due to the separate configuration of the speed change
gearbox housing and the speed reduction gearbox housing, the speed
change gearbox is replaceable entirely, including the associated housing,
thus facilitating the replacement. The speed change gearbox housing may
for instance have suitable fastening elements for a lifting device, allowing
the speed change gearbox to be replaced easily and quickly by means of the
lifting device. In operation, the speed change gearbox housing and the
speed reduction gearbox housing are interconnected by means of detach-
able fastening means. The fastening means are easily accessible, thus al-

lowing them to be detached easily and quickly, if necessary.

A gearbox assembly the speed change gearbox of which has a speed
change gearbox housing, with a speed change gearbox input shaft and the
speed change gearbox output shaft being mounted thereto, wherein the
speed change gearbox housing has a connection portion for connection to a
speed reduction gearbox housing of the speed reduction gearbox, the con-
nection portion being configured in such a way that the speed change gear-
box input shaft is positionable in a plurality of angular positions relative to
the speed change gearbox output shaft, ensures an easy and quick manner
of aligning the speed change gearbox relative to a drive motor, thus allow-

ing the drive motor to be easily and quickly coupled to the gearbox assem-
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bly. The connection portion of the speed change gearbox housing allows
the speed change gearbox input shaft to be positioned in different angular
positions relative to the speed change gearbox output shaft the position of
which 1s fixed. The different angular positions in particular allow the verti-
cal position of the speed change gearbox input shaft to be changed in order
to be adapted to the vertical position of the drive shaft of a drive motor.
The angular positions can be discrete angular positions and/or an at least

partly continuous angular range.

A gearbox assembly provided with at least one lubricant line having a pre-
determined separation point, the lubricant line running between the speed
change gearbox and the speed reduction gearbox while being arranged in
particular outside a speed change gearbox housing and a speed reduction
gearbox housing, ensures an easy and quick replacement of the speed
change gearbox, and therefore leads to a high flexibility and productivity in
the operation of a twin-screw extruder. The predetermined separation point
allows the at least one lubricant line to be separated easily and quickly
when replacing of the speed change gearbox. The predetermined separation
point is preferably disposed outside the speed change gearbox housing and
the speed reduction gearbox housing and can be separated before separat-
ing the housings. To this end, the at least one lubricant line is for instance
configured as a hose between the speed change gearbox and the speed re-
duction gearbox, the hose having a predetermined separation point in the
form of a quick-release coupling. Inside the speed change gearbox housing
and/or the speed reduction gearbox housing, the at least one lubricant line
is in particular formed by at least one fixed pipe and/or a fixed bore. In the
separated state, the quick-release coupling is preferably self-sealing while

in the mounted state, 1t 1s self-locking.
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A gearbox assembly provided with a speed change gearbox that has a cod-
ing element for reading out a gear ratio ensures an easy and quick re-
instatement after a replacement of the speed change gearbox. The coding
element contains information regarding the gear ratio of the speed change
gearbox. By means of a reading unit, the information of the coding element
can be read out and transmitted, in particular automatically, to a control
device, which 1s part of a treatment installation for material treatment. The
treatment installation comprises the gearbox assembly according to the in-
vention, a drive motor and a twin-screw extruder as well as the control de-
vice and the reading device. By means of the control device, the gear ratio
of the gearbox assembly can be determined as a function of the read-out
gear ratio of the speed change gearbox to be determined, thus allowing the
drive motor and/or the twin-screw extruder to be actuated correspondingly.
By means of the coding element, the information may for instance be read

out mechanically or optically.

A gearbox assembly provided with a speed reduction gearbox having a
speed reduction gearbox output shaft that is detachably connected to a dis-
tribution gearbox input shaft of the distribution gearbox ensures an easy
and quick replacement of the speed reduction gearbox in the event of an
upcoming maintenance or a defect. The speed reduction gearbox 1s config-
ured such as to be separable from the distribution gearbox. The speed re-
duction gearbox is therefore configured as an individual gearbox module,
in other words an individual gearbox unit. The speed reduction gearbox can
therefore be separated from the speed change gearbox and the distribution
gearbox easily and quickly in order to be replaced by another speed reduc-
tion gearbox. To this end, the speed reduction output shaft is detachably
connected to the distribution gearbox input shaft. In other words, the speed

reduction gearbox output shaft and the distribution gearbox input shaft
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form a detachable shaft connection. In the event of an upcoming mainte-
nance, the speed reduction gearbox to be maintained is simply replaced by
a new or maintained speed reduction gearbox, with the result that the
downtime of the twin-screw extruder 1s reduced considerably while the

productivity and availability thereof are increased.

A gearbox assembly provided with a speed reduction gearbox that has a
speed reduction gearbox output shaft and a gear disposed at the output end
thereof, with the speed reduction gearbox output shaft being mounted, by
means of radial bearings, on both sides of the gear, in particular to a speed
reduction gearbox housing, ensures an easy and quick replacement of the
speed reduction gearbox, and therefore leads to a high productivity in the
operation of a twin-screw extruder. Due to the fact that the speed reduction
gearbox output shaft is mounted in radial bearings on both sides of the out-
put gear, the mounting of the speed reduction gearbox output shaft is inde-
pendent of the mounting of a distribution gearbox input shaft connected
thereto. As a result, the speed reduction gearbox output shaft is securely

and reliably mounted during a replacement of the speed reduction gearbox.

A gearbox assembly provided with a distribution gearbox that has a distri-
bution gearbox input shaft and a gear disposed at the input end thereof,
with the distribution gearbox input shaft being mounted, by means of radial
bearings on both sides of the gear, in particular to a distribution gearbox
housing, ensures an easy and quick replacement of the speed reduction
gearbox, and therefore leads to a high productivity in the operation of a
twin-screw extruder. Due to the fact that the distribution gearbox input
shaft 1s mounted in radial bearings on both sides of an input gear, the
mounting of the distribution gearbox input shaft is independent of the

mounting of a speed reduction gearbox output shaft connected thereto. As a
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result, the distribution gearbox input shaft is securely and reliably mounted

during a replacement of the speed reduction gearbox.

A gearbox assembly provided with a speed reduction gearbox housing of
the speed reduction gearbox and a distribution gearbox housing of the dis-
tribution gearbox, the gearbox housings being configured such as to be
separate from each other, ensures an easy and quick replacement of the
speed reduction gearbox. Due to the fact that the speed reduction gearbox
housing is configured separately from the distribution gearbox housing, the
entire speed reduction gearbox, including the housing, 1s replaceable. The
speed reduction gearbox housing in particular has suitable fastening means
for a lifting device so the speed reduction gearbox is replaceable easily and
quickly using the lifting device. Preferably, the speed reduction gearbox
housing and the distribution gearbox housing are detachably connected to
each other. To this end, detachable fastening means are for instance pro-
vided, the fastening means being disposed on at least one of the housings in

an easily accessible manner.

Furthermore, the invention is based on the object of providing a treatment
installation for material treatment, the treatment installation ensuring a high

flexibility and productivity in the operation of a twin-shaft extruder.

This object is achieved by a treatment installation for material treatment,
comprising a gearbox assembly according to the invention, a drive motor
coupled to the speed change gearbox, and a twin-screw extruder the screw
shafts of which are coupled to the distribution gearbox. The advantages of
the treatment installation according to the invention correspond to the ad-
vantages of the gearbox assembly according to the invention already de-

scribed above. The treatment installation may in particular be further de-
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veloped such as to have the features of the gearbox assembly. The treat-
ment installation preferably has a reading unit allowing a coding element of
the speed change gearbox to be read out as well as an associated control
device allowing the drive motor and/or the twin screw extruder to be actu-
ated depending on the information of the coding element having been read
out. The coding element in particular contains information regarding the

gear ratio of the speed change gearbox.

Furthermore, the invention is based on the object of providing a method for
the startup of a treatment installation for material treatment, the method
ensuring a high flexibility and productivity in the operation of a twin-screw

extruder.

This object is achieved by a method for the startup of a treatment installa-
tion for material treatment, the method comprising the following steps:
providing a treatment installation for material treatment, the treatment in-
stallation comprising a gearbox assembly comprising a first speed change
gearbox for adjusting a screw shaft speed of two screw shafts of a twin-
screw extruder, a distribution gearbox with two distribution gearbox output
shafts allowing the screw shafts of the twin-screw extruder to be coupled
thereto, a speed reduction gearbox that couples the first speed change gear-
box to the distribution gearbox, the speed reduction gearbox having pre-
cisely one speed reduction gearbox input shaft, with a speed change gear-
box output shaft of the speed change gearbox being detachably connected
to the speed reduction gearbox input shaft in such a way that the speed re-
duction gearbox is separable from the first speed change gearbox, a drive
motor coupled to the first speed change gearbox, and a twin-screw extruder
the screw shafts of which are coupled to the distribution gearbox, separat-

ing the first speed change gearbox from the drive motor and the speed re-
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duction gearbox, replacing the first speed change gearbox by a second
speed change gearbox, coupling the second speed change gearbox to the
drive motor and the speed reduction gearbox, and starting up the twin-
screw extruder by means of the drive motor. The advantages of the method
according to the invention correspond to the advantages of the gearbox as-
sembly and the treatment installation according to the invention already
described above. The method may in particular be further developed such
as to have the features of one of the gearbox assemblies or the treatment
installation according to the invention. The first speed change gearbox can
be easily and quickly replaced by a second speed change gearbox. To this
end, the first speed change gearbox 1s separated from the drive motor and
the speed reduction gearbox and 1s then replaced. This 1s possible due to
the fact that the speed change gearbox is physically separated from the
speed reduction gearbox. As a result, the speed change gearbox forms an
individual gearbox module, in other words an individual gearbox unit. The
second speed change gearbox can be coupled to the drive motor and the
speed reduction gearbox just as easily and quickly so that afterwards, the
twin-screw extruder can be run up using the drive motor. In the event of a
desired change of the gear ratio and/or an upcoming maintenance and/or a
defect, the configuration of the gearbox assembly allows a quick startup or
reinstatement of the treatment installation, with the result that the down-
times of the treatment installation are reduced. The method according to
the invention allows a twin-screw extruder to be operated at high flexibility

and productivity.

Further features, advantages and details of the invention will be apparent

from the ensuing description of several exemplary embodiments.
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BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 shows a schematic diagram of a treatment installation for mate-
rial treatment comprising a drive motor, a twin-screw extruder
and an associated gearbox assembly according to a first exem-

plary embodiment;

Fig. 2 shows a front view of the gearbox assembly in Fig. 1;

Fig. 3 shows a schematic illustration of a releasable shaft connection
of a speed change gearbox and a speed reduction gearbox of the

gearbox assembly in Fig. 1;

Fig. 4 shows a schematic diagram of a treatment installation for mate-
rial treatment comprising a drive motor, a twin-screw extruder
and an associated gearbox assembly according to a second ex-
emplary embodiment; and

Fig. 5 shows a schematic diagram of a treatment installation for mate-
rial treatment comprising a drive motor, a twin-screw extruder
and an associated gearbox assembly according to a third exem-

plary embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the following sections, a first exemplary embodiment of the invention
will be described with reference to Figs. 1 to 3. A treatment installation 1
comprises a drive motor 2 that drives, via a gearbox assembly 3, a twin-
screw extruder 4 for rotation in the same direction. The drive motor 2 is

coupled to the gearbox assembly 3 via a coupling 8. The treatment installa-
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tion 1 1s used for material treatment, in particular for the treatment of plas-

tic material.

The gearbox assembly 3 has a speed change gearbox 5 at a driving end A
and a distribution gearbox 7 at an output end B, the gearboxes 5, 7 being
mechanically connected, in other words coupled to each other, by means of
a speed reduction gearbox 6. The gearbox assembly 3 has a gear ratio ig
defined by an input drive motor speed n, and an output gearbox speed ng,

with ig being such that 1 =n/ng > 1.

The speed change gearbox 5 1s configured in a physically separated man-
ner. To this end, the speed change gearbox 5 is configured such as to be
separate from the speed change reduction gearbox 6, thus forming an indi-
vidual gearbox module, in other words an individual gearbox unit. At the
input end of the speed change gearbox 5, a drive shaft 10 of the drive mo-
tor 2 1s detachably connected, via the coupling 8, to a speed change gear-
box input shaft 11. To this end, a friction element 9 1s arranged between a
coupling element at the driving end, said coupling element being fastened
to the drive shaft 10, and a coupling element at the gearbox end, said cou-
pling element being fastened to the speed change gearbox input shaft 11,
the friction element 9 being detachably connected to one of the coupling
elements, in particular the coupling element at the gearbox end. The shaft
connection between the drive shaft 10 and the speed change gearbox input
shaft 11 can be separated by demounting the friction element 9. At the out-
put end of the speed change gearbox 5, a detachable shaft connection 12 1s
formed that connects a speed change gearbox output shaft 13 of the speed
change gearbox 5 to a speed reduction gearbox input shaft 14 of the speed

reduction gearbox 6.

PATENT
REEL: 035616 FRAME

: 0507



10

15

20

25

-15 -

The speed change gearbox 5 has a single-stage configuration and has a gear
ratio 1y defined by the input speed n, and an output speed ng. The gear
ratio 1y 1s such that 1y = na/ng # 1. Depending on what is required, the gear
ratio 1y 1s therefore greater or smaller than 1. The gear ratio 1y 1s defined
by a first speed change gearbox gear 15 disposed on the input shaft 11 and
a second speed change gearbox gear 16 disposed on the output shaft 13.
The gears 15, 16 are in meshing engagement and are in particular config-
ured as spur gears. The speed change gearbox input shaft 11 is mounted, by
means of radial bearings 17, 18, to a speed change gearbox housing 19 of
the speed change gearbox 5 on both sides of the first gear 15. Correspond-
ingly, the speed change gearbox output shaft 13 is mounted, by means of
radial bearings 20, 21, to the speed change gearbox housing 19 on both
sides of the second gear 16. The radial bearings 17, 18, 20 and/or 21 1in par-
ticular serve to absorb radial forces, the radial bearings may however also

be configured in such a way as to absorb axial forces.

The speed change gearbox housing 19 is configured such as to be separate
from a speed reduction gearbox housing 22 of the speed reduction gearbox
6. The speed change gearbox housing 19 is detachably connected to the
speed reduction gearbox housing 22. To this end, the speed change gearbox
housing 19 is provided with a connection portion 23. The connection por-
tion 23 1s configured as an annular flange arranged substantially concentri-
cally to the output shaft 13. The connection portion 23 has a plurality of
fastening holes 24 arranged around the output shaft 13. Through the fasten-
ing holes 24, fastening means 25, for instance screws, are guided, which
are detachably secured to the speed reduction gearbox housing 22. Depend-
ing on the number and shape of the fastening holes 24, the speed change
gearbox housing 19 can be secured to the speed reduction gearbox housing

22 in various angular positions o. The fastening holes 24 may for instance
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have the shape of a circle or of an elongated hole. The position of the input
shaft 11 1s changeable or adjustable depending on the angular position a. In
particular, the position of the input shaft 11 is adjustable in a horizontal x
direction and/or a vertical y direction. For instance, Fig. 2 shows a first po-
sition x;, y; and a second position x,, y, of the input shaft 11 depending on

the angular position a.

The speed reduction gearbox 6 1s configured such as to be separate from
the speed change gearbox 5 and the distribution gearbox 7. The speed re-
duction gearbox 6 therefore forms an individual gearbox module, in other
words an individual gearbox unit. As already described above, the speed
reduction gearbox input shaft 14 is connected to the speed change gearbox
output shaft 13 by means of the detachable shaft connection 12. A speed
reduction gearbox output shaft 26 is detachably connected to a distribution
gearbox input shaft 28 by means of another detachable shaft connection 27.
Furthermore, the speed reduction gearbox housing 22 1s configured such as
to be separate from a distribution gearbox housing 29 of the distribution
gearbox 7. The speed reduction gearbox housing 22 is detachably con-
nected to the distribution gearbox housing 29. To this end, fastening means

30, for instance screws, are used, which are easily accessible.

The speed reduction gearbox 6 has a single-stage configuration and has a
gear ratio 1z defined by the input speed ng and an output speed ny. The gear
ratio iy 1s such that iz = ng/ny > 1. The gear ratio iy 1s defined by a first
speed reduction gearbox gear 31 at the input end and a second speed reduc-
tion gearbox gear 32 at the output end. The gears 31, 32 are in meshing

engagement and are in particular configured as spur gears.
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The speed reduction gearbox input shaft 14 is mounted to the housing 22
by means of radial bearings 33, 34 on both sides of the first gear 31. On a
side remote from the distribution gearbox 7, the speed reduction gearbox
output shaft 26 1s mounted to the housing 22 by means of an axial bearing
35. Furthermore, the speed reduction gearbox output shaft 26 1s mounted to
the housing 22 by means of radial bearings 36, 37 on both sides of the sec-
ond gear 32. The radial bearings 33, 34, 36 and/or 37 are in particular con-
figured such as to absorb radial forces, they can however also be config-

ured such as to absorb axial forces.

The distribution gearbox 7 1s configured such as to be physically separated
from the speed reduction gearbox 6 and the twin-screw extruder 4. The
distribution gearbox 7 therefore forms an individual gearbox module, in
other words an individual gearbox unit. The distribution gearbox input
shaft 28 1s detachably connected to the output shaft 26 of the speed reduc-
tion gearbox 6 by means of the shaft connection 27. The distribution gear-
box 7 is further provided with two distribution gearbox output shafts 38, 39
connected to screw shafts 42, 43 of the twin-screw extruder 4 by means of

shaft connections 40, 41 that are in each case detachable.

The distribution gearbox 7 has a gear ratio 1y defined by the input speed ny
and the output speed ng. The gear ratio 1y 1s such that 1y = ny/ng = 1. The
distribution gearbox input shaft 28 is formed in one piece with the distribu-
tion gearbox output shaft 38, with the shaft 28 or 38, respectively, thus be-
ing continuous. For power distribution, the input shaft 28 is provided with
a first distribution gearbox gear 44 that engages a second distribution gear-
box gear 45. The second gear 45 is disposed on a distribution shaft 46 the
output end of which is provided with a third distribution gearbox gear 47.
The third gear 47 engages a fourth distribution gearbox gear 48 disposed
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on the distribution gearbox output shaft 39. The gears 44, 45, 47, 48 are for

instance configured as spur gears.

The distribution gearbox input shaft 28 is mounted to the distribution gear-
box housing 29 by means of two radial bearings 49, 50 on both sides of the
first gear 44. Furthermore, the distribution gearbox output shaft 38 is
mounted to the housing 29 by means of another radial bearing 51. The dis-
tribution shaft 46 1s further mounted to the housing 29 by means of radial
bearings 52 to 55, with the radial bearings 52, 53 being arranged on both
sides of the second gear 45 while the radial bearings 54, 55 are arranged on
both sides of the third gear 47. On a side remote from the twin-screw ex-
truder 4, the distribution gearbox output shaft 39 1s mounted to the housing
29 by means of an axial bearing 56. Furthermore, the distribution gearbox
output shaft 39 1s mounted to the housing 29 by means of two radial bear-
ings 57, 58 on both sides of the fourth gear 48. The radial bearings 49, 50,
51, 52, 53, 54, 55, 57 and/or 58 are in particular configured such as to ab-
sorb radial forces, they can however also be configured such as to absorb

axial forces.

The shaft connection 12 is configured in such a way that each of the speed
change gearbox output shaft 13 and the speed reduction gearbox input shaft
14 has an end region 59 provided with external teeth, said end regions be-
ing non-rotationally interconnected by means of a sleeve provided with
internal teeth 60. The sleeve 60 is fixed in an axial direction relative to the
shafts 13, 14 by means of a disk 61 provided with external teeth. To this
end, the disk 61 1s secured to the front end of one of the shafts 13, 14 and
rotated relative to the sleeve 60 about an axis of rotation M of the shafts 13,
14. The rotation about the axis of rotation M causes the sleeve 60 to be

clamped between the disk provided with external teeth 61 and the end re-
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gions 59 provided with external teeth in such a way that the sleeve 60 1s
secured in the axial direction. The disk 61 1s fastened to the front end of
one of the end regions 59 by means of fastening means 62, for instance

screws. In Fig. 3, the disk 61 1s for instance fastened to the speed change
gearbox output shaft 13. The detachable shaft connections 27 and 40, 41

are configured correspondingly.

The gearbox assembly 3 further comprises a lubrication device 63 compris-
ing a lubricant pump 64 and a lubricant line 65. Starting from a lubricant
reservoir not shown in more detail, the lubricant line 65 1s in particular
configured such as to form a cycle, the lubricant line 65 thus running to all
lubrication spots of the gearbox assembly 3 before terminating in the lubri-

cant reservoir again. The lubricant line 65 is only partly shown in Fig. 1.

Between the speed change gearbox 5 and the speed reduction gearbox 6,
the lubricant line 65 runs outside the housings 19 and 22 and is provided
with a predetermined separation point 66. Correspondingly, the lubricant
line 65 runs outside the housings 19 and 29 between the speed change
gearbox 5 and the distribution gearbox 7 as well and 1s provided with an-
other predetermined separation point 66. Furthermore, the lubricant line 65
runs outside the housings 22 and 29 between the speed reduction gearbox 6
and the distribution gearbox 7 and 1s provided with a predetermined separa-
tion point 67. The predetermined separation points 66, 67 are in particular
configured as quick-release couplings that are self-sealing in the separated
state and self-locking in the connected state. The lubricant reservoir is for
instance formed in the speed reduction gearbox 6. The treatment installa-
tion 1 has a control device 68 for control thereof. The control device 68 is
in particular used to actuate the drive motor 2. For this purpose, the gear

ratios 1g and 1y are stored in the control device 68. To read the gear ratio 1w
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into the control device 68, a reading device 69 is provided that is able to
read out a coding element 70 disposed on the speed change gearbox 5. The
coding element 70 1s for instance readable optically or mechanically by
means of the reading device 69. The reading device 69 is in signal commu-

nication with the control device 68 to which the gear ratio 1y 1s provided.

The treatment installation 1 has an auxiliary drive device 71 allowing the
twin-screw extruder 4 to be emptied, the auxiliary drive device 71 being
connected to the speed reduction gearbox input shaft 14 via a freewheel. To
this end, the speed reduction gearbox input shaft 14 is guided out of the
speed reduction gearbox housing 22 on a side remote from the speed
change gearbox 5. In order to empty the twin-screw extruder 4, the auxil-
iary drive device 71 provides a high torque at a low speed. When the gear-
box assembly is driven by means of the drive motor 2, the auxiliary drive
device 71 is decoupled from the speed reduction gearbox input shaft 14

using the freewheel 72.

The following sections describe the startup and operation of the treatment

installation 1:

In the operation of the treatment installation 1, the drive motor 2 drives the
screw shafts 42, 43 of the twin-screw extruder 4 in the same direction,
strictly speaking in the same direction of rotation. The drive motor speed
n, 1s set, by means of the speed change gearbox 5, to a desired speed ng in
accordance with the gear ratio 1. Since the gear ratios 1z and 1y are not
changed, the screw shaft speed ng and the gearbox speed ng of the gearbox
assembly 3 are adjusted via the gear ratio 1y. For adjustment, the gear ratio
1w can be selected such as to be greater or smaller than 1. The speed reduc-

tion gearbox 6 1s used to reduce the input speed ng in such a way that the
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output speed ny is such that ny < ng. The distribution gearbox 7 distributes
the driving power provided by the distribution gearbox input shaft 28 to the
distribution gearbox output shafts 38, 39. Since the gear ratio iy = 1, the

input speed ny 1s equal to the output speed ng.

In order to change the screw shaft speed ng in relation to the drive motor
speed nu, the gear ratio 1g of the gearbox assembly 3 is changed. This is
done by replacing the entire first speed change gearbox 5 having the gear
ratio 1y by another second speed change gearbox having a different gear
ratio. The second speed change gearbox ready to be installed is only indi-
cated in Fig. 1 and designated by reference numeral 5’, the second speed

change gearbox having a gear ratio 1y,

In order to replace the speed change gearbox 5, the lubricant pump 64 is
shut off, causing the lubricant to flow back into the lubricant reservoir,
which 1s for instance formed in the speed reduction gearbox 6. The speed
change gearbox 5 is therefore free of lubricants, thus allowing it to be de-
mounted. In a second step, the shaft connection between the drive motor 2
and the speed change gearbox is separated. To this end, the friction element
9 1s demounted, and the fastening means 25 are then detached so that the

housings 19 and 22 are no longer connected to each other.

The speed change gearbox 5 is now moved away from the speed reduction
gearbox 6 in the axial direction, thus causing the shaft connection 12 to be
separated. The shaft connection 12 is separated by removing the associated
sleeve 60 from the speed reduction gearbox input shaft 14. The speed
change gearbox 5 can now be removed by means of a lifting device not

shown in more detail and replaced by the second speed change gearbox 5.
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The speed change gearbox 5’ 1s now mounted in reverse order. To this end,
the speed change gearbox 5’ 1s moved, in a first step, towards the speed
reduction gear 6 in the axial direction, causing the sleeve 60 arranged on
the speed change gearbox output shaft 13 to be slid over the speed reduc-
tion gearbox input shaft 14. In a second step, the housings 19, 22 are con-
nected to each other using the fastening means 25. When doing so, the
connection portion 23 1s mounted to the housing 22 in such a way that the
speed change gearbox input shaft 11 is aligned coaxially with the drive
shaft 10. Then a shaft connection is formed between the drive shaft 10 and
the speed change gearbox input shaft 11 by mounting the friction element
9. The shaft connections thus formed connect the speed change gearbox 5’
to the drive motor 2 and the speed reduction gearbox 6. Finally, the prede-
termined separation points 66, in other words the quick-release couplings
66, are connected again. In the meantime, the reading device 69 has read
out the coding member 70 so as to determine the gear ratio 1y, which was
then transmitted to the control device 68. The control device 68 actuates
the drive motor 2 depending on the gear ratio 1y’ and adjusts the screw

shaft speed ng.

The speed change gearbox 5 can be replaced in a corresponding manner in
the event of an upcoming maintenance or a defect. Due to the fact that the
speed change gearbox 5 1s configured as an individual gearbox module, in
other words an individual gearbox unit, the treatment installation 1 has a
high flexibility and productivity in the operation of the twin-screw extruder
4. Since the entire speed change gearbox 5 1s replaced, this results in low
downtimes and therefore in a high availability of the treatment installation

I.
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Furthermore, in the event of an upcoming maintenance and/or a defect, the
speed reduction gearbox 6 and/or the distribution gearbox 7 being config-
ured as separate gearbox modules, in other words as separate gearbox units,
can be replaced as well by separating the respective shaft connections 12,
27, 40, 41 and by separating the predetermined separation points 66, 67 and
housings 19, 22, 29, thus allowing downtimes to be reduced and the avail-
ability of the treatment installation 1 to be increased. Furthermore, the in-

dividual gearbox units 5, 6, 7 can be transported more easily.

The following section describes a second exemplary embodiment of the
invention with reference to Fig. 4. In contrast to the first exemplary em-
bodiment, the speed change gearbox 5, the speed reduction gearbox 6 and
the distribution gearbox 7 are arranged in a U-shaped configuration. In
other words, the drive motor 2 and the twin-screw extruder 4 are arranged
on the same side of the gearbox assembly 3. This facilitates the replace-
ment of the speed reduction gearbox 6. Further details concerning the de-
sign and functioning of the treatment installation 1 can be found in the de-

scription of the first exemplary embodiment.

The following section describes a third exemplary embodiment of the in-
vention with reference to Fig. 5. In contrast to the preceding embodiments,
the axial bearing 35 1s arranged in the distribution gearbox 7. Further de-
tails concerning the design and functioning of the treatment installation 1

can be found in the descriptions of the preceding exemplary embodiment.

Since the gearbox assembly 3 does not have switching stages, the gearbox
assembly 3 has a low complexity so the costs are kept to a minimum. Due
to its low complexity, the gearbox assembly 3 furthermore has a high reli-

ability and therefore a high availability.
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Preferably, all bearings and gears in the gearbox assembly 3 are lubricated
via pressure lines using o1l as a lubricant. The lubrication device in particu-
lar has a central infeed and discharge spot. After being fed in, the flow of
oil 1s distributed internally among the individual bearings and gears. At the
transition to the speed change gearbox 5, the o1l 1s fed from a pipe into a
hose and then into an internal distribution system consisting of fixed pipes
or fixed bores in the speed change gearbox 5. At the lowest point in the
gearbox assembly 3, the oil 1s centrally recirculated back into the main oil
reservoir of the gearbox assembly 3 via a passive outlet before being drawn
into an oil treatment installation. The hoses at the connection points are
provided with quick-release couplings that are easily separable for de-
mounting, are self-sealing in the separated state and self-locking in the

connected state, and are protected against unauthorized opening.
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WHAT IS CLAIMED IS

I.

A gearbox assembly for a twin-screw extruder, comprising

- aspeed change gearbox for adjusting a screw shaft speed of two
screw shafts of a twin-screw extruder;

- aspeed reduction gearbox,

- adistribution gearbox with two distribution gearbox output shafts
allowing the screw shafts of the twin-screw extruder to be coupled
thereto,

wherein the speed change gearbox 1s arranged at a driving end,

wherein the speed reduction gearbox couples the speed change gearbox

to the distribution gearbox,

wherein the speed reduction gearbox has precisely one speed reduction

gearbox input shaft, and a speed change gearbox output shaft of the

speed change gearbox 1s detachably connected to the speed reduction
gearbox input shaft so that the speed change gearbox and the speed re-
duction gearbox are configured such as to be separable from each

other.

The gearbox assembly according to claim 1,
wherein the speed change gearbox has a speed change gearbox input
shaft at the driving end allowing a drive motor to be detachably cou-

pled thereto.

The gearbox assembly according to claim 1,

wherein the speed change gearbox output shaft has a gear disposed at
the output end thereof, and

wherein the speed change gearbox output shaft is mounted, by means

of radial bearings, on both sides of the gear.
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The gearbox assembly according to claim 3,
wherein the speed change gearbox output shaft is mounted to a speed

change gearbox housing.

The gearbox assembly according to claim 1,

wherein the speed reduction gearbox input shaft has a gear disposed at
the input end thereof, and

wherein the speed reduction gearbox input shaft is mounted, by means

of radial bearings, on both sides of the gear.

The gearbox assembly according to claim 5,
wherein the speed reduction gearbox input shaft 1s mounted to a speed

reduction gearbox housing.

The gearbox assembly according to claim 1,
wherein a speed change gearbox housing of the speed change gearbox
and a speed reduction gearbox housing of the speed reduction gearbox

are configured such as to be separate from each other.

The gearbox assembly according to claim 1,

wherein the speed change gearbox has a speed change gearbox hous-
ing, with a speed change gearbox input shaft and the speed change
gearbox output shaft being mounted thereto,

wherein the speed change gearbox housing has a connection portion for
connection to a speed reduction gearbox housing of the speed reduction
gearbox, the connection portion being configured in such a way that
the speed change gearbox input shaft is positionable in a plurality of

angular positions relative to the speed change gearbox output shaft.
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The gearbox assembly according to claim 1,
wherein at least one lubricant line having a predetermined separation
point runs between the speed change gearbox and the speed reduction

gearbox.

The gearbox assembly according to claim 9,
wherein the lubricant line 1s arranged outside a speed change gearbox

housing and a speed reduction gearbox housing.

The gearbox assembly according to claim 1,
wherein the speed change gearbox has a coding element for reading out

a gear ratio.

The gearbox assembly according to claim 1,
wherein the speed reduction gearbox has a speed reduction gearbox
output shaft that 1s detachably connected to a distribution gearbox input

shaft of the distribution gearbox.

The gearbox assembly according to claim 1,

wherein the speed reduction gearbox has a speed reduction gearbox
output shaft and a gear disposed at the output end thereof, and
wherein the speed reduction gearbox output shaft is mounted, by

means of radial bearings, on both sides of the gear.
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The gearbox assembly according to claim 13,
wherein the speed reduction gearbox output shaft is mounted to a speed

reduction gearbox housing.

The gearbox assembly according to claim 1,

wherein the distribution gearbox has a distribution gearbox input shaft
and a gear disposed at the input end thereof, and

wherein the distribution gearbox input shaft is mounted, by means of

radial bearings on both sides of the gear.

The gearbox assembly according to claim 15,
wherein the distribution gearbox input shaft is mounted to a distribu-

tion gearbox housing.

The gearbox assembly according to claim 1,
wherein a speed reduction gearbox housing of the speed reduction
gearbox and a distribution gearbox housing of the distribution gearbox

are configured such as to be separate from each other.

A treatment installation for material treatment, comprising

- agearbox assembly according to the invention,

- adrive motor coupled to the speed change gearbox, and

- atwin-screw extruder the screw shafts of which are coupled to the

distribution gearbox.

A method for the startup of a treatment installation for material treat-
ment, the method comprising the following steps:
- providing a treatment installation for material treatment, the treat-

ment installation comprising
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-- agearbox assembly comprising

--- a first speed change gearbox for adjusting a screw shaft
speed of two screw shafts of a twin-screw extruder,

--- a distribution gearbox with two distribution gearbox output
shafts allowing the screw shafts of the twin-screw extruder
to be coupled thereto,

--- aspeed reduction gearbox that couples the first speed
change gearbox to the distribution gearbox, the speed re-
duction gearbox having precisely one speed reduction
gearbox input shaft, with a speed change gearbox output
shaft of the speed change gearbox being detachably con-
nected to the speed reduction gearbox input shaft in such a
way that the speed reduction gearbox is separable from the
first speed change gearbox,

-- adrive motor coupled to the first speed change gearbox, and

-- atwin-screw extruder the screw shafts of which are coupled to
the distribution gearbox,

separating the first speed change gearbox from the drive motor and

the speed reduction gearbox,

replacing the first speed change gearbox by a second speed change

gearbox,

coupling the second speed change gearbox to the drive motor and

the speed reduction gearbox, and

starting up the twin-screw extruder by means of the drive mo-
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ABSTRACT OF THE DISCLOSURE

A gearbox assembly for a twin-screw extruder comprises a speed change
gearbox for adjusting a screw shaft speed of two screw shafts of the twin-

5  screw extruder, a distribution gearbox allowing the screw shafts to be cou-
pled thereto, and a speed reduction gearbox. The speed change gearbox and
the speed reduction gearbox are configured such as to be separable from
each other, wherein the speed change gearbox 1s arranged at a driving end
while the speed reduction gearbox couples the speed change gearbox to the

10 distribution gearbox. Due to the fact that the speed change gearbox is con-
figured as an individual gearbox unit arranged at the driving end, an ad-
Justment of the screw shaft speed is easily possible by replacing the speed
change gearbox. As a result, a high flexibility and productivity are obtained

in the operation of the twin-screw extruder.
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