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Sorew Rotor and Methoed for Manufacturing Such Scorew Rotor

The present invention relates Lo a screw rotor.

More sespecifically, the screw rotor according to  the

]

invention is meant for fluid~injected COMPressors,

\l)

expanders, and vacuum pumps

It is  known that such screw rotors are traditiconally
manufactured from cast iron or stesl, cast in a corude sorew
form or forged in a crude cylindrical form, which is the
finished by way of coarse and fine rinding, f£iling,
milling, and other cutting operations of the shaft as well
as of the body of the screw rotor {(with the screw profile)

and its final finished screw form is obtained.

This finish 1s necessary because the casting process does

3

S

b
be

not allow for cbtaining a form within the wvery fin
tolierances thal are necessary for allowing the final machine
to function properly.

Even though such convenitional screw rotors function
properly, the finishing by means of grinding, filing,
milling and other such processes is very labor- and time-

intensive.

Morgover, all this causes the cost to be driven up.

,
{
3

N

Another disadvantage is that much material is machined away
during the finishing process, which constitutes a lozs or a

waste of raw materials.
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Another disadvantage 1s the weight of such conventional

screw rotors due to the use of cast iron or steel.

The tasgk of the present invention is toe offer a solution Lo

at least one of the aforementioned and other disadvantages.

sregent invention 1s a screw rotor,
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characterized 1in that the scorew roter 1s made from a
polymer, wharein the screw rotoer consists of a shaft with a
rotor body on it, wherein the gpolymer of the shaft is
reinforced with fibers, wherein the shaft features elements
that engage the rotor body or corresponding elements in the
rotor body, such that the slements prevent an axial and/or
rotatiocnal movement of the shaft with respect to the rotor

body.

By using a pelymer, the screw rotor will not only be lighter
than the traditional conventicnal metal screw rotors; it
will furthermore be more resistant to corrosicon, and it is

ezsier to manufacture in complex forms.

Such a screw rotor may, for instance, pe made by means of an
injection molding Drocess, which allows for the
manufacturing of a rough screw shape that already closely
approximates the final finished screw shape, such that
finishing it by means of the cutting operations needed Lo

bring this rough screw within the regquired tolerances will
be of a much more limited scope, or possibkbly not be

necessgary at all,
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Moreover, the procsessing of the compesite screw rotor is
much simpler and easier than processing a cast iron or steel

sorew rotor.

This imglies that much less work and time are nesded for
the finishing process, which will bring about considerable

savings in cost.

Furthermore, less material will be lost, becauss the point
of departure will be a crude screw form that already closely

approximates the final form.

Even though for the invention, it is only necessary that
polymer reinforced with fibers be used for the shaft, it is
not excluded that the rotor body be manufactured from a

fiker-reinforced polyner as well.

The elements of the shaft are deviations of the shaft into
or from its surface, meaning deviations towards the center
line of the shaft or away £from the center line of the

shaft.

The elements of the shaft and the corresponding or matching
glements on or in the rotor bkody will cause a mechanical
blockage betwsen the shaft and the rotor body, as a result
of which awilal forces and torgue may be transmitted from
the shaft to the rotor body, and vice versa. Even though
the elements may be arrvanged on the shaft itself, it is
also pessible for the elements of the shaft to be formed by

maans of an intermadiate pody or & key, arranged on the

shaft in a designated recess.
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Preferably, the fibers in the shaft extend primarily in

the axial direction. This will provide the shaft with the

o}
y

necessary rigidity and strength.

It is known that in screw rotors in a screw compressor, for
instance, very strong axial forces and gas forces are exer-
ted on the screw rotor, for which reason it is crucially

important for the shaft to have the necesszary rigidity.

It is possible for the rotor body Lo consist of two or more
concentric layers, wherein an inner layer features elements
engaging the followimg layer, such that the ealements
prevent an axial and/or rotational movement of the cone

layer relative to the following laver.

This will be used in particular for manufacturing larger
screw rotors by means of injecltion molding, such that the

maximun thickness of each layer is eight millimeters.

By injection molding the votor bhody in wultiple steps or
stages, the volume of the material added in each step or
stage can be limited, allowing for an easier monitoring of
the injection molding process and the subseguent cooling
process. This will help optimize the final mechanical
properties of the screw rotor. The elements are analogous
to, and have the same function as, the aforementioned

elemnents of the zhaft.

The invention alsc has a method as its subiect, for
manufacturing a screw rotor consisting of a shaft and a

rotor hody, characterized in that the screw rotor is made
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from a polymer and 1in that the method comprises the
following steps:

A} providing a shaft;

B} the injection melding of the rotor body using a
designated mould, wherein the aforementiocned shaft is used
as an insert into the mould.

By executing the process in at least twoe =steps, the
injection melding process of step B will be much easier as
compared to an injection melding process in which the screw
rotor 1s dinjection molded in a single step, among other
things in terms of the shrinking of the material, the
dimensions, and the mechanical properties, which are easler
to menitor in a multlstage process such as according to the

invention.

1

Another advantage 1s that by using the shaft as an insert in

e

the mould of the roter body, the rotor body is cast onto or

around the shaft, as a result of which the casting of the
rotor body generates a thermal bond between the shaft and

the rotor body.

This will ensure that the shaft cannct move relative to the
rotor body, since with the iniection molding of the rotor
body, the surface of the shaft will heat up again dues to
its contact with the hot molten fiber~reinforced polyvmer

C:
hat is injected into the mould, thus allowing it to create

z thermal bond with the material of the rotor boedy that is
cast around it.

With the understanding to betier demonstrate the features of

the invention, in the following, without these descripticns
iy N



10

i5

23

WO 2020/165689 PCT/1IB2020/050861

having any restrictive character, some examples of preferred
variants are described of a method according to  the
invention for manufacturing a screw rotor, with reference to

the encliosged drawings, in which:

Figure 1 shows a schematic and perspective view of a
possible embodiment of a screw rotor according to the
invention;

Figure 2 shows tha shaft of the screw rotor of
Figure 1;
Figure 3 schematically shows a cross section along

the line III-III in Figure 2;

Figure 4 schematically shows a cross section along
the line IV-IV in Figure 1:
Figures 5 through 7 schematic show variant embodiments

of Figure 2.

The screw rotor 1 according to the invention schematically
shown in Figurs 1 consists of a shaft 2 with a rotor body 3

on it.

The screw roter 1 may be wused in a fluid-iniected

Compressar, expamder, o waluum pump.

In the example shown, the rotor body 3 is cylindrical in
form. However, it is not excluded that the rotor body 3 have
a conical form. Using a conical rotor has the advanitage that
the forces are petter distributed, and that the compressicn

can be increased.

In Figure 2, the shaft 2 iz shown separately.
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According to the invention, the screw rotor 1 is made out o

a polymer.

In thizs case, for the invention, at least the shaft 2 isg
made out of a polymer reinforced with fibers 4, and the
rotor body 2 nmay be made out of a polymer without fibers 4,
but in the example shown here and described below, the
rotor body 3 is made out of a polymer reinforced with

fibers 4 as well,

The polymer may be a3 polyamide, for instance, or a

polyimide. However, the invention is not limited to these.
For 1instance, the polymer may also be polyether ether
ketone {PEEEK).

Possibly, the peolymer may alsce be a thermo-setiting polymer,

for instance an epoxy, a vinyl ester, or an unsaturated

4

6
o
T

The fibers 4 preferably, not necegsarily, comprise
carbon fibers or glass fibers. The fibers may alsc conprise
an organic polymer such as aramid fibers, for instance.

€

Carbon nanctubes are a possibility as well.

In a possible embodiment, the polymer reinforced with
fibers 4 is a so-called self-reinforced polymer, in which

the fibers are made out of the same pclymer as the mould.

Preferably, it 1is polymer polvamide, polyimide, or FEEK
reinforced with between 10 and 60 percent of fibers 4 by
weight., Preferably, the weight percentage of the fibers is

between Z5 and 45 percent.
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Tt is not excluded that the shaft 2 is made from a different
poelymer than the rotor body 3, wherein the robtor body 3 mav

Y Y ¥ ¥
be made out of a polymer that may or may not be reinforced

with fibers 4.

Thus, for instance, the polyvmer reinforced with fibers 4 of
the shaft 2 may have an identical or a higher softening

temperature than the polymer reinforced with fibers 4 of the

rotor body 3.

The difference in the softening temperature of different
layers preferably wvarles between zero and twenty degrees

PN B,
LRLSIUS.

This will lead to bkenefits in particular in terms of the
production or manufacturing of the screw rotor 1, as will be

clarified below.

In this case, without this being necessary for the
invention, the fibers 4 in the shaft 2 extend primarily in

the axial direction X-¥7.

This is shown schematically in the c¢ross section in

Figure 3.

Due to thiz orientation of the fibers 4, the shaft 2 will

have the necesgsary rigidity. It Iis well known that during

ot

he operaticn of the machine, the shaft 2 iz exposed to

trong axial forces and gas forces at the lccation where the

1

sorew rotor 1 1s mounted,
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As can be seen in Figure 3, the shaft 2 is a full shaft 2.
It is not excluded that the shaft 2 is hollow, meaning that
there a longitudinal cavity extends through the shaft 2.
This will prevent so-callied flow problems in the production

8 of the shaft 2.

In this case, but nol necessarily, the fibers 4 in the

raotor pody 3 are oriented arbitrarily or randomly.

10 Accerding to the invention, and as can be seen clearly in

Figures 2, 3, and 4, the shaft 2 features elements Da, 5b.

Some of these elements Sa may engags the rotor body 3, some
of these elements &b may engage corresponding elements 5¢
5 in the rotor body 3, all this being designed such that the
elements 5a, 5b, 5¢ prevent an axial and/or a rotationa

movemnent of the shaft 2 relative to the rotor body 3.

This will be explained via the figures.

As can be seen in Figures 2 and 3, the shaft 2 features two
elements 5a in the form of an ring shaped gprotrusion,
wherein the projecticn onto the shaft 2 according to the
axial directicn X-X' is cyelically symmetrical and coaxial

25 with the center line ¥X-X° of the shaft 2.

Cyclically symmetrical means: sections or segments that
repeat rotationally around the center line.

30 Even though these elements 5a pertain in this case to a ring

f

shaped protrusion, these elements 5a may also compriss

differently shaped protrusion, groove, or ring.
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These elements 5a may engage the rotor boedy 3 itself, as

shown in Figure 1.

Such elements 5a will ke able to transmit axizl forces from

the shaft 2 to the rotor body 3, and vice versa.

Effectively, they constitute a stop for the rotor body 3 on
the shaft 2 and vice versa, such that when an axial force
is exerted onto the rotor body 3, it can be transmitted via

this stop to the shaft 2.

It is not excluded that these elements S5a are arranged at a
different location, farther away from the end 6 of the shaft
2. In that case, these elements 5a will not engage the rotor
body 3 itself, ut corresponding elements 5S¢ of the rotor

body 3.

Furthermore, the shaft 2 alsc features a number of ele-
ments Sk that may engage corresponding elementz 5S¢ of the

rotor body 3.

In that case, these elements 5b pertain te protrusions
along the axial direction ¥-X' of the shaft 2, which cause

the crogs section of the shaft 2 teo be hexagonal.

These elements 5b are located at a place on the shaft 2
above which the rotor body 3 is arranged, such as follows

from the comparisons of Figures 1 and 2.
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2

As can ke seen in Flgure 4, the rotor body 3 features
corresponding elements 5S¢, which engage the elements Sh of

the shaft 2.

Via such slements 5b, 5S¢ the torgue may be transmitted from
the shaft 2 to the rotor body 3. This will be relevant in

particular for the driving of the screw rotor 1 by a motor

via the shaflt 2.

Instead of protrusions extending in the axial direction X-

X', a groove, ring, or similar may be used by way of

As can be seen in Figures 1 and 2, in this case, the
shaft 2 is featured at its face 7 a coupling piece &, which

features a screw thread 89 in which a bolt can be arranged.

By means of this bolt, the shaft 2 mav be connected to a

drive shafit of a metor, for instance, or something similar.

Even though in the example shown, the screw rotcor 1 consists
of a shaft 2 with a rotor beody 3, it is not exciuded that
the rotor body 3 itself consist of two or more concentric
layers, whereln an inner layver features elements 5b, 5o
engaging the following laver, such that the elements 5b, Sc
prevent an axial and/or rotational movement of the one layer

relative to the following laver.

‘i other words, the principle is very zsimilar in nature to
the principle of the shaft 2 and the roter body 3 as

explained above.
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In the case ¢f a large screw ryotor 1, this will be
advantageous in partilculay during the production process,

as will be explained bhelow.

The ascrew rotor of Ficgures 1 through 4 can be manufactured
- .

according te a method acceording to the invention.

The method for producing the screw rotor 1, made out of a

polymer reinforced with fiberz 4, by way of injection

meliding, essentially comprises two steps:

7
o]

roviding a shafi;

b
]

fox}
<
o+
ot
e
5]
Hy

injection molding of the rotor body 3 using =
designated mould, wherein the aforementioned shaft 2 is used

as an insert into the mould.
Freferably, but not necessarily, the aforementioned step A
comprises the injecticn moliding of the shait 2 of the screw

roter 1, using a designated mould.

This is not necessary for the invention, however. The

shaft 2 may also be extruded, for instance.

Iin step A, for the injection molding of the shaft Z, a
meulid will b2 used here with elements 5S5a, 5Bb, such that

the aforementioned elements 5Ha, 5b are created on the

shaft 2.

In order to ensure that the fibers 4 extend in the shaft 2
in the axial directicn X-X’, the polymer reinforced with
fibers 4 may be injected into the mould in the axial

direction X-X°.
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By then using the shaft 2 as an insert in the mould of the
roter boedy 3, corresponding elements Sc will effectively be

1

created automatically in the rotor body 3.

A

By using a different polymer reinforced with fibers 4 for

45

the shaft 2 than the polymer reinforced with fibers 4 used
for the rotor boedy 3, such that the polymer reinforced with
fikers 4 used for the shaft 2 has an ldentical or a higher
softening temperature than the polymer used for the rotor
¢ body 3, the shaft 2 as a whole will not melt or soften when
the rotor body 3 is cast around 1t. This way, the mechanical

=

properties of the shaft 2 remain intact, and the fibers 4 of

the shaft Z may be prevented from losing their orientation
1f the poliymer of the shaft 2 were to soften somewhat.
15
It is not excluded for step B, the injection molding of the
rotor body 3, to be executed in two or more steps, in each
of which more material is added to the rotor bedy 3 through

the use of successive matrices, wherein the rotor body part

13

s used as an insert in

o

f..l.

20 manufactured in the previous step

the following mould.

e made out of two or mors

(o}

Thusg, the rotor body 3 itself can
concentric lavers, wherein the use of matrices with elements
25 5S¢ may cause elements 5S¢ to be provided on an inner laver to

engage the following laver cast arcund it.

This approach is particularly advantageous with large screw
rotors 1, because this may provide for the material added to
30 be more limited with each step, sc¢ that the cooling can be
monitored, such that no or much fewer mechanical tensions

are created.
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1f the rotor body 3 has a conical form, this has the
advantage that it can be demclded, i.e. removed from the

meld, much more easily.

In order to insert the aforementicned coupling piece & into
the face 7 of the shaft 2, the coupling plsce 8 is arrangad
in the mould of the shaft 2 at the location of the

respaective face 7 of the shaft 2.

Thus, the coupling plece & can be integrated into the
shaft during e casting ¢ 285,

shaft 2 during the casting proc

Alternatively, after step B, the aforementionad couplin
pieace 8 may be arranged through self-tapping in a designated

cavity in a face 7 of the shaft 2.

It should be clear that in the ewamples shown and described
in Figures 1 through 5, only some possible examples of

possible embodiments of elements 5a, 5o are shown.

Another possible embodiment is shown in Figure 5, in which

the elements 5a, OSb comprise at least one protrusion 5b,

having the form of a helix or a spiral around the shaft 2,

4

Instead o¢f a protrusion, this may alsc be a helix- ¢

spiral-shaped groove.

‘e protrusgion, or element 5Sb, 1is situated at a location of
the shaft 2 above whichi the rotor body 3 is arranged, 80
that during the injection molding progess, corresponding

elements are formed in the rotor body 3.
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The hneliwx-shaped elements Sk will be able to transmit a
combination of rotational as well as axial forces in order

2

¢t

to prevent an axial and rotational movement of the szshafy

relative to the rotor body 3.

nt, wherein ths

;....

Figure 6 shows an  additiconal embodime
shaft 2 features an element Bb that may engage 2

corresponding element ¢ of the rotor body 3.

In this case, this slement 5b is a ring shaped protrusicon

around the shaft 2.

This element bbb is situated at a location on the shaft 2
above which the rotor body 2 1s arranged. This element 5b
will be able to transmit axlal forces from the shaft 2 to

the rotor body 3, and vice verss

Tigure 7 shows vyet ancther variation, wherein the shaft 2
features multiple elements 5b in the form of elongated
protrusions that extend in the axial directicon along the

shaft 2 and are dispersed arcund the shaft Z.

asad onn the aforementioned variants, it is olear that the
elements 5a, 5b may be embodied in varicus manners, and that

the examples shown are not restrictive in any way.

The present invention 13 in no way limited to the sxemplary
embodiments described and shown in the figures. Rather, a
method and a screw rotor acceording to the invention may be
realized in different variants without exzceeding the scope

of the invention.
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1.~ Screw rotor, characierized in that the screw rotor (1)
is made out of polymer, wherein the screw rotor {1} con-~
sists of a shaft (2} with a rotor bedy (3} on it, whereiln
the polymer of the shaft (2} is reinforced with fibers {4y,
wherein the shaft (2) features elements {(%a, 5b) that
engage the rotor body {3} or corresponding elements (Sc) in
the rotor body (3}, such that the elements (3a, 5k, 35¢)
prevent an axzial and/or rotational movement of the

shaft {2} with respect to the rotor body (3).

Z.~ Berew rotbor sccording toe  the preceding claim 1,
characterized in that the elements (Sa, 5b) comprise at
least one groove, ring, protrusion, or similar, wherein the
projection on a surface perpendicular to the shaft {2) in
the axial direction (¥X-X'} 1is c¢yclically symmetrical and

i

ceaxlal with the center line [(X-X'}) of the shaft {2},

[oL]

.~ Berew rotor according to claims 1 or Z, characterized in
that the elements (%a, 35b} comprise at least one groove,
ring, protrusion, or similar extending din the axial
direction (X-X'}, whereby this element (5a, 5b) is situated
\

at a location on the shaft {2) upon which the rotor body ({3)

is arranged.

4.~ Screw rotor according to any one of the preceding
claims, characterized in that the shape of the rotor

body {3) is cvlindrical or conical.
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5.~ Screw rotor according to any one of the preceding

claims, characterized in that the shaft {2} 1is hollow,

6.~ Screw roter according to any one of the preceding
claims, characterized din  that the elements {5a, 5}
comprise at  least one groove, protrusion, or similar,

{29

having the shape of & helix arcund the shaft (2},

7.- Screw rotor according to any one of the preceding
claims, characterized in that the fiber {4y in the

N

i
shaft {2} primarily extend in the axial directicon (X-X').

(&)

8.~ Screw rotor according to any one of the precedin

ot

claims, characterized in that the rotor body (3} is at leas
partially made out of z polymer manufactured reinforced with

fibers {4},

5.~ Screw rotor according to claim 8, characterized in that
the fibers (4} in the zrotor body (3} are arbitrarily or

randomiy oriented,.

10.~ Screw rotor according to any one of the precedin
claims, characterized in that the polymer is a polyamide,

a polyimide, or PEEK.

11.~ Bcrew rotor according to any one of the claims 1
through 2, characterized in that the polivmer is a thermo-
setting polymer, or more specifically, an egoxy, a vinyl

ester or an unsaturated polvester.
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12.~ Screw rotor according to anv one of the preceding
ciazms, characterized din that the {fibers (4) conprise

carbon fibers or glass fibers.

i3.- Screw rotor according to any one of the preceding
claims, characterized in that the fibers (4) comprise an

crganic polymer.

14.- Bocrew rotor according to claim 13, characterized in
that the fibers {4} made out of an corganic pelymer are

ks 4

aramid {ibers.

13.~ Becrew rotor according to any one of the claims 1
through 8, characterized in that the gpolymer ig a self-
reinforced polymer of aramid fibers in an aramid polymer

matrix.

l6.~ SBcrew rotor accerding te any one of the preceding

claims, characterized in that the shaft {2} is made of a

different polvmer than e rotor body {3).

i7.~ Berew rotor according to the preceding claim 10,
characterized in that the polymer of the shaft (2} has an
identical or higher softening temperature than the polymer

’ J

of the rotor bhody (2.

i8.- S8crew rotor according to any one of the preceding
claims, characterized in  that at the location of a
face (7}, the shaft (2} features a coupling piece {(8) that

features & screw thread {(9) 1in which an bolt can be

arranged.
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9.~ Screw rotor according to any one of the preceding

;

axms, characterized in that the rotor body (2} consists

@]
F..J

of two or more concentric layers, wherein an inner lavyer
features elements (5¢) engaging the following layer, such
that the elements {5¢) prevent an axial and/or rotaticnal

movemant of the one layer relative to the following layer.

20.~ Method for manufacturing a screw rotor (1} consisting
of a shaft {2} and a rotor body (3), characterized in that
the screw rotor (1} is made out of a polymer and im that the
method comprises the following steps:

&} providing a shaft (2);

B) the injection molding of the rotor body (3) using
a2 designated mould, wherein the aforementioned shaft (1) is

nto the mould.

pedn
]

used as an insert

21.- Methoed according to claim 20, characterized in that
step B, the injection mciding of the rotor body (1), is
executed in two or more steps, in each of which mor

material is added to the rotor boedy (1) through the use of
successive moeulds, wherein the rotor body part manufactured
in the previous step 1s used as an insert in the following
mould.

-
i

22.~ Method according to claim 20 or 21, characterized in

that step A, the provision of a shaft (2), conmprises the
{ b

injection molding of the shaft (2) of the screw rotor {1},

using a designated mould.

23.~ Method according to claim 22, characterized in that

for the injection molding of the shaft {(2) the polymer
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reinforced with fibers ({(4) is injected into the mould in

the axial direction {¥-X'3.

24 .~ Method according to claim 22 or 23, characterized in
that in step A, a mould is used with elements {5a, 5b),
such that the elements {5a, 5b) will prevent the thus
manufactured shaft (2} and rotor body (2} from moving

radially and/or awlally with respect to one another.

25.~ Method according to any one of the preceding claims 22
through 24, characterized in that in the mould for the
shaft (2}, at the location of a face (7) of the shaft, a
coupliing piece (8] is arranged as an insert in the mould,
featuring a screw thread {9) in which a bkolt can be
arranged, or in that after the aforementicned step B, the
aforementioned coupling piece {8} is arranged through self-
tapping in a designated cavity in a face {7} of the

shaft (2}.



WO 2020/165689 PCT/1IB2020/050861
1/3




WO 2020/165689 PCT/1IB2020/050861
2/3

2 X e
~ 7 [ : ;f,f
4 *‘“\\.‘; i »
Fo—grl |

e




WO 2020/165689 PCT/1IB2020/050861
3/3




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2020/050861

A. CLASSIFICATION OF SUBJECT MATTER

INV. FO04C18/16 FO4C29/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

FO4C F16C

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP HO2 27180 A (EBARA CORP) 1-19
29 January 1990 (1990-01-29)
A the whole document 20-25
X JP S63 203310 A (ISHIKAWAJIMA HARIMA HEAVY 20-25
IND) 23 August 1988 (1988-08-23)
A abstract; figures 1-19
A WO 2011/092674 Al (AGILENT TECHNOLOGIES 1-25
ITALIA S P A [IT]; GIORS SILVIO [IT] ET
AL.) 4 August 2011 (2011-08-04)
page 4, line 33 - page 8, line 3
A CN 208 311 036 U (RIXIN ELECTRICAL CO LTD) 1-25
1 January 2019 (2019-01-01)
abstract; figures
_/ -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

13 March 2020

Date of mailing of the international search report

19/03/2020

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Bocage, Stéphane

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2020/050861

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 20137183185 Al (DIRSCHERL JUERGEN [DE]
ET AL) 18 July 2013 (2013-07-18)
paragraphs [0038], [0047], [0050],
[0066] - [0073]

figures

JP HO2 276612 A (HITACHI LTD)

13 November 1990 (1990-11-13)
abstract; figure 2

WO 20157138557 Al (EATON CORP [US])
17 September 2015 (2015-09-17)
abstract; figures 1,2,17

1-25

1-25

1-25

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2020/050861
Patent document Publication Patent family Publication
cited in search report date member(s) date
JP HO227180 A 29-01-1990  NONE
JP $63203310 A 23-08-1988  NONE
WO 2011092674 Al 04-08-2011 CN 102906427 A 30-01-2013
DE 112011100402 T5 27-12-2012
JP 2013519033 A 23-05-2013
US 2013045094 Al 21-02-2013
WO 2011092674 Al 04-08-2011
CN 208311036 U 01-01-2019  NONE
US 2013183185 Al 18-07-2013  CN 103256224 A 21-08-2013
EP 2615307 Al 17-07-2013
US 2013183185 Al 18-07-2013
JP HO2276612 A 13-11-1990  NONE
WO 2015138557 Al 17-09-2015 CN 106103998 A 09-11-2016
EP 3117102 Al 18-01-2017
US 2017101989 Al 13-04-2017
WO 2015138557 Al 17-09-2015

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - wo-search-report
	Page 27 - wo-search-report
	Page 28 - wo-search-report

