wo 2020/016633 A1 | NI 0000 KO Y10 0T 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property '

Organization
=

International Bureau

(43) International Publication Date

‘O 00 00O 0 0 0 0
(10) International Publication Number

WO 2020/016633 Al

23 January 2020 (23.01.2020) WIPOIPCT

(51) International Patent Classification:
B25H 1716 (2006.01) B25H 1/18 (2006.01)

(21) International Application Number:
PCT/IB2018/055413

(22) International Filing Date:
20 July 2018 (20.07.2018)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
110863 18 July 2018 (18.07.2018) PT

(71) Applicants: BOSCH CAR MULTIMEDIA PORTU-
GAL S.A. [PT/PT]; R. Max Grundig, 35, 4705-820 Braga
(PT). UNIVERSIDADE DO MINHO [PT/PT]; Largo do
Pago, 4704-553 Braga (PT).

(72) Inventors: BRITO, Anténio M.; Departamento De Engen-
haria De Polimeros, Univ. Do Minho (campus De, Azarem,
Alameda Da Universidade), 4804-533 Guimardes (PT).
CORREIA, Pedro; Universidade Do Minho (Campus
De Gualtar), 4710-057 Braga (PT). CAPELA PEREIRA
LEITE FREITAS, Luis Miguel, Universidade Do Min-
ho (Campus De Gualtar), 4710-057 Braga (PT). FER-
NANDES PIMENTEL, Anthony Michael; Universidade

(74)

@81)

Do Minho (Campus De Gualtar), 4710-057 Braga (PT).
GOMES NOVERSA, Jodo Tiago; Universidade Do Min-
ho (Campus De Gualtar), 4710-057 Braga (PT). NUNES,
Jodo Pedro; Universidade Do Minho (Campus De Gualtar),
4710-057 Braga (PT). FREITAS ALVES, Tiago Samuel,
Bosch Car Multimedia Portugal S.A., R. Max Grundig, 35,
4705-820 Braga (PT). FERNANDES, André, Bosch Car
Multimedia Portugal S.A., R. Max Grundig, 35, 4705-820
Braga (PT). SILVA, Rui; Bosch Car Multimedia Portugal
S.A., R. Max Grundig, 35, 4705-820 Braga (PT). SOUSA,
Carlos Reinaldo; Bosch Car Multimedia Portugal S.A., R.
Max Grundig, 35, 4705-820 Braga (PT).

Agent: SILVESTRE ALMEIDA FERREIRA, Luis
Humberto; Patentree, Rua de Salazares 842 - Edf. NET,
4149-002 Porto (PT).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(54) Title: ASSEMBLY WORKSTATION AND INSTALLATION METHOD THEREOF

(57) Abstract: Assembly workstation for assembling products by a person,

" 1 comprising a lower workbench base nest and an upper workbench mask nest,

e = Vs wherein the base nest and mask nest define an assembly jig for said products;

ya a support frame; a vertically displaceable platform for receiving said base nest;
s and an actuator attached to the support frame and attached to the platform for
J— creating vertical displacement of said platform; wherein said lower workbench
% == ||V o base nest is arranged onto said platform and said upper workbench mask nest
’ is pivotably coupled to said support frame for rotating about a transversal hori-

1 zontal axis. The assembly workstation of the present disclosure is a universal,

Fig. 1

ergonomic assembly workstation using modular additive manufacturing tools.

[Continued on next page]



WO 20207016633 A |10 00 00 000 O 00 0000 0

SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))
— in black and white; the international application as filed

contained color or greyscale and is available for download
Jrom PATENTSCOPE



WO 2020/016633 PCT/IB2018/055413

DESCRIPTION
ASSEMBLY WORKSTATION AND INSTALLATION METHOD THEREOF

Technical field

[0001] The present disclosure relates to an assembly workstation for assembling
products, and an installation method thereof, for simplifying changes of assembly tools
with a wide variety of geometries and dimensions, in particular for assembling parts,

by using modular additive manufactured tools.

Background

[0002] In highly competitive markets, such as the automotive industry, the
improvement of products quality, reduction of manufacturing costs and the fulfilment
of all delivery deadlines are paramount concerns. Regarding the assembly processes,

the achievement of these goals has been especially challenging.

[0003] Presently, assembly processes rely on dedicated jigs (a jig is a type of custom-
made tool used to control the location and/or motion of parts or other tools) mounted
on standard workbenches that are specifically designed for a specific assembly task of
a specific product. This means that each new product requires a new jig and
consequently a new engineering project. In certain cases, the technical solutions are so
customized that a simple product change, during the development project phase,
forces the production of a new jig. In addition to this lack of flexibility, the monitoring
systems has contributed to an ever-increasing complexity of the assembly jigs and a

higher project lead-time.

[0004] The assembly processes used on the industrial world widely uses workbenches

with jigs incorporated into them to perform the various assembly tasks required.

[0005] In the current market the jigs to perform assembly processes, are based on two
major groups depending on how they are manufactured: additive manufacturing or
subtractive manufacturing, being the later the most widely used in the industry. Most

assembly processes use jigs for the support of the different parts such as in patent
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document CN203817741U which presents a workbench comprised of jigs for the
fixation of parts to be assembled. These jigs are made by subtractive manufacturing

and it is necessary to do a different jig for each product.

[0006] Document EP3235605 also discloses a method for configuring an assembly
workstation, the assembly workstation having container receptacle devices configured
to receive an associated material container, each container receptacle device having a
first data carrier, the material containers having a second data carrier, the assembly
workstation having a first position determination device configured to ascertain one of
a position of a hand of a worker and a marking connectable to the hand, the first

position determination device being connected to a control device.

[0007] The modular jigs are based on the use of a structure (the base) that can be
adaptable to the product in question. These structures allow a wide number of
arrangements for the positioning fixtures, which can be used for different parts, for
example, US20010044997A1 and CN107775337A patents refers to a flexible assembly
workstation with geometry fixtures that can be exchanged. Moreover, an identification
process for the recognition of the different parts is used, such as in patent
US2017300032A which has container receptacle devices configured to receive an
associated material container and identify it. These types of modular jigs can also be
made mobile. CN201366708Y demonstrates a workbench for assembly of an
instrument valve which utilizes mounted wheels for mobility. This allows the easy

transport and repositioning of the machine.

[0008] These facts are disclosed in order to illustrate the technical problem addressed

by the present disclosure.

General Description

[0009] The present disclosure relates to an assembly workstation for assembling
products, and an installing method thereof, for simplifying changes of assembly tools
with a wide variety of geometries and dimensions, in particular for assembling parts,

by using modular additive manufactured tools. In order to change the current
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assembly process concept, which is based in customized solutions, to a much more
flexible one, which will be based in a standard solution, workbench and jig principles

were combined into a universal assembly workstation.

[0010] In a such universal assembly workstation, where the workbench and jig are
already combined, the customized tools (jigs) are reduced to the fixture geometries of
each product which are replaceable and interchangeable. Hence, any product can be
made in the universal workstation, by simply changing the assembly tools that only

contain the product supports.

[0011] Additive manufacturing technologies can be utilized as an alternative to
traditional tools. The process can be divided in two subgroups: completely made by
additive manufacturing or partially (only the positioning fixtures). In the complete
version, all the jig, the base and the positioning fixtures, are made by additive
manufacturing. The other group is similar to the subtractive manufacturing, as the
base is almost the same for different products and then the positioning fixtures are
design for each product. The difference is that this positioning fixtures are made by

additive manufacturing.

[0012] These assembly tools are produced by additive manufacturing (AM)
technologies using the 3D CAD geometry. Since the monitoring system is integrated in
the smart workbench, the assembly tools are potentially sensors free. The combined
effect of the modular concept, based in the smart workbench standardization and the
AM tools without sensors leads to a truly drastic simplification of the engineering
project. The current assembly tools are too big, bulky and heavy, while with this
disclosure the weight of the assembly tools is significantly reduced. Another main
improvement of this disclosure is related with the adjustment system. The universal
assembly workstation proposed here allows two levels of adjustment. The first one is
related with the product adjustment and makes it possible to assemble products of
different heights. The second level concerns the ergonomic adjustment and makes it

possible to automatically adapt the machine to the worker height.

[0013] Therefore, the presented disclosure contributes to the development of an

assembly tool with low weight and having the ability to accomplish all planed targets.
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This includes the optimization of the processes allowing the quick and easy
manufacturing of tools and component assembly. Furthermore, it allows to include
new materials and technologies in the involved processes and enhance potentialities
to develop and produce new tools more capable, smarter and with quicker
development and production times. Overall, this disclosure results in a significant
reduction of the project lead time representing a much more cost effective

competitive product.

[0014] The disclosure is capable of performing several tasks related to the assembly
process of parts. It can perform many different process, with different requirements
and specifications, for different parts and industries. The main aspects that make this

universality possible are described below.

[0015] The modularity of the disclosure, including the base and mask nest that make
this adaptable for many processes and parts, will allow for the inclusion on product
others than the ones being used. Other distinctive aspect that is included on this
disclosure is the additive manufacturing of tools which allow for bigger flexibility and
complexity of parts and processes. The height adjustment systems, for operator and
product are also technologies that increase the product reach and capability to be

proved on competitor products.

[0016] It is disclosed an assembly workstation for assembling products by a person,
comprising:
a lower workbench base nest and an upper workbench mask nest, wherein the
base nest and mask nest define an assembly jig for said products;
a support frame;
a vertically displaceable platform for receiving said base nest; and
an actuator attached to the support frame and attached to the platform for
creating vertical displacement of said platform;
wherein said lower workbench base nest is arranged onto said platform and
said upper workbench mask nest is pivotably coupled to said support frame for

rotating about a transversal horizontal axis.
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[0017] The workstation has a front towards the person using the workstation. The
back of the workstation is opposite the front of the workstation. This defines a front-
back direction. A transversal direction is a direction that is perpendicular to this front-
back direction. The workstation has a lower workbench base nest for receiving the
product to be assembled and an upper workbench mask nest for guiding the person
using the workstation in using tools and parts to be assembled or to execute assembly
processes and supporting parts. This defines a vertical direction between said lower

workstation base nest and upper workstation mask nest.

[0018] In an embodiment, the lower workbench base nest and the upper workbench

mask nest are obtained by additive manufacturing.

[0019] In an embodiment, the lower workbench base nest and the upper workbench

mask nest are obtained by subtractive manufacturing.

[0020] In an embodiment, the actuator is manually, hydraulically, pneumatically or

electrically actuatable.

[0021] In an embodiment, another vertically displaceable platform may be coupled to

the upper workbench mask nest.

[0022] In an alternative embodiment, the vertically displaceable platform may be

coupled to the workbench mask and not to the platform.

[0023] In an embodiment, the lower workbench nest rests onto said vertically

displaceable platform.

[0024] In an embodiment, the vertically displaceable platform is placed at a height to

accommodate the product height.

[0025] In an embodiment, the support frame is height-adjustable, in particular
comprising actuator means for adjusting the height of the support frame, further in
particular wherein the height-adjustable support frame is placed at a height to

ergonomically accommodate the person height.

[0026] In an embodiment, the platform comprises locking means for holding the

workbench nest.
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[0027] In an embodiment, the platform comprises electrical, sensor, pneumatic or
hydraulic couplings, or combinations thereof for coupling to corresponding couplings

in the workbench nest.

[0028] In an embodiment, the assembly workstation of the present disclosure may

comprise a rotary damper for smoothing the rotation of the upper workbench mask.

[0029] In an embodiment, the assembly workstation of the present disclosure may

comprise an actuator for rotating the upper workbench mask.

[0030] In an embodiment, the assembly workstation of the present disclosure may use

a manual operation for rotating the upper workbench mask.

[0031] In an embodiment, the assembly workstation of the present disclosure may use
a movement other than, or coupled with, rotation to move the upper workbench mask

nest.

[0032] In an embodiment, the assembly workstation of the present disclosure may not

use an upper workbench mask nest, just using the base nest for an assembly.

[0033] In an embodiment, the assembly workstation of the present disclosure may
have the upper workbench mask coupled on the support frame such that closure of

the jig is achieved only by vertical displacement of the base nest.

[0034] In an embodiment, the assembly workstation of the present disclosure may
comprise sensor or sensors for detecting if the mask and nest are closed for

assembling said product.

[0035] In an embodiment, the assembly workstation of the present disclosure may

comprise sensor or sensors for detecting parts, assembly steps or assembly operations.

[0036] In an embodiment, the assembly workstation of the present disclosure may

comprise sensor or sensors embedded or placed on the base nest and/or mask nest.

[0037] In an embodiment, the assembly workstation of the present disclosure may

comprise sensor or sensors embedded or placed on the base nest and/or mask nest.

[0038] In an embodiment, the assembly workstation of the present disclosure may

comprise sensor or sensors placed on a location of the workstation.
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[0039] In an embodiment, the assembly workstation of the present disclosure may use

a robot, either in collaboration or not with an operator or with another robot.

[0040] It is also described a method for installing an assembly jig of an assembly
workstation for assembling products by a person, said workstation comprising:
a lower workbench nest and an upper workbench mask, wherein the nest and
mask define an assembly jig for said products;
a support frame;
a vertically displaceable platform for receiving said nest; and
an actuator attached to the support frame and attached to the platform for
creating vertical displacement of said platform;
wherein said lower workbench nest is arranged onto said platform and said
upper workbench mask is pivotably coupled to said support frame for rotating
about a transversal horizontal axis;
said method comprising obtaining said lower workbench nest and upper
workbench mask by additive manufacturing; and installing the obtained nest

and mask onto said workstation.

Brief Description of the Drawings
[0041] The following figures provide preferred embodiments for illustrating the
description and should not be seen as limiting the scope of disclosure.

[0042] Figure 1 is a schematic representation of the general view of assembly

workstation.

[0043] Figure 2 is a schematic representation of the main elements of the proposed

main embodiment.

[0044] Figure 3 is a schematic representation of the perspective view of structural

element sub-group.

[0045] Figure 4 is a schematic representation of the view of the structural element and

the ergonomic adjustment system sub-group.
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[0046] Figure 5 is a schematic representation of the perspective view of the structural

element, the ergonomic adjustment system and the product adjustment system sub-
group.

[0047] Figure 6 is a schematic representation of the view of the structural element,

the ergonomic adjustment system and the upper system sub-group.

Detailed Description

[0048] The main function of this workstation is to assemble parts, with a wide variety
of geometries and dimensions. The smart ergonomic and product adjustments are also

important features.

[0049] In an embodiment, the structure of the universal workstation 16 can be divided

(figure 2) in two main elements: 1) the workbench 18 and 2) the assembly tools 17.

[0050] In an embodiment, the workbench is the support for the assembly tools that

incorporates the adjustments and the mechanical, electronic and pneumatic elements.

[0051] In an embodiment, there are two adjustments: product and ergonomic. The
product adjustment allows the structure to adapt itself to different product heights
and/or support/perform assembly processes. The ergonomic adjustment allows the
work height to be changed according to the assembly and collaborators specific

ergonomics.

[0052] In an embodiment, the ergonomic adjustment is manually, hydraulically,

pneumatically or electrically actuatable.

[0053] In an embodiment, the ergonomic adjustment may not be used; In an
embodiment, the assembly tools, which fix and position the products, are divided as
mask nest and base nest. Both components are preferably fabricated in additive

manufacturing allowing a wide range of shapes and geometries.

[0054] An embodiment of the workstation is presented in figure 2, wherein 16
represents an embodiment of the assembly workstation; 17 represents an

embodiment of the assembly tools — mask and nest; and 18 represents an
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embodiment of the support frame; and it is divided in four groups by its specific
function in the system, as listed below:
Structural elements: elements that support the movable and functional
systems. (figure 3)
Ergonomic adjustment system: the system that will move the smart workbench
to adapt its work plane height. (figure 4)
Product adjustment system: movable base, where the bottom assembly tool
(nest) is positioned. (figure 5)
Upper system: elements where the upper assembly tool (mask and mask nest)

is positioned. (figure 6)

[0055] According to an embodiment, the structural elements, presented in figure 3, is
composed by a frame structure 1, and a base 6 coupled to the frame that will serve as

support for the upper system and as the reference height for the product adjustment.

[0056] As for the ergonomic adjustment, according to an embodiment, it is an
electrohydraulic synchronized system 7 mounted on the frame 1 that will actuate and

move the entire workbench, as described in figure 4.

[0057] The product adjustment system consists, according to an embodiment, in the
electric actuator 8 attached to a movable base 9 that will move accordingly to different
product heights. The base nest (bottom assembly tool 10) is positioned onto the base

by the means of a locking element 11. The entire system is presented in figure 5.

[0058] Finally, the mask nest (upper assembly tool 12) is, according to an embodiment,
located on the upper system (figure 6). A structural support 13 provides guidance and
locks 11 the mask nest in the desired position, maintaining the quick-change concept.
The correct relative position of the upper system in relation to the entire smart
workbench is guaranteed by two structural C-profiles 14. These parts ensure the
rotational movement of the mask, together with bearings and pneumatic rotary
cylinders 15, making easier the opening movement and reduce the impact during the
mask closing motion. Sensors and pneumatic cylinders are mounted, according to an

embodiment, to guarantee that the mask closes and opens in the desire position.



WO 2020/016633 PCT/IB2018/055413

[0059] This specific embodiment is improved to a manual screw driving assembly
process. Different assembly processes (clinching, bonding, clipping, among others) and
levels of automation applied (automatic screwing, robot, among others) are also

included in the present disclosure.

[0060] In an embodiment, the different components of the workstation may be
replaced by other components with different materials, shapes or sizes and it is not

intended that the description above limits the disclosure itself.

[0061] The term "comprising" whenever used in this document is intended to indicate
the presence of stated features, integers, steps, components, but not to preclude the
presence or addition of one or more other features, integers, steps, components or

groups thereof.

[0062] The disclosure should not be seen in any way restricted to the embodiments
described and a person with ordinary skill in the art will foresee many possibilities to
modifications thereof. The above described embodiments are combinable. The

following claims further set out particular embodiments of the disclosure.

10
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CLAIMS

1. Assembly workstation (16) for assembling products by a person, comprising:
a lower workbench base nest (10) and an upper workbench mask nest (12),
wherein the base nest (10) and mask nest (12) define an assembly jig (17) for
said products;
a support frame (1);
a vertically displaceable platform (9) for receiving said base nest (10); and
an actuator (8) attached to the support frame (1) and attached to the platform
for creating vertical displacement of said platform (9);
wherein said lower workbench base nest (10) is arranged onto said platform (9)
and said upper workbench mask nest (12) is pivotably coupled to said support

frame (1) for rotating about a transversal horizontal axis.

2. Assembly workstation (16) according to the previous claim wherein said lower
workbench base nest (10) and/or said upper workbench mask nest (12) are

obtained by additive manufacturing.

3. Assembly workstation (16) according to any of the previous claims wherein said

actuator (8) is manually, hydraulically, pneumatically or electrically actuatable.

4. Assembly workstation according to any of the previous claims wherein said

lower workbench base nest (10) rests onto said platform (9).

5. Assembly workstation (16) according to any of the previous claims wherein the
vertically displaceable platform (9) is placed at a height to accommodate the

product height.

6. Assembly workstation (16) according to any of the previous claims wherein the

support frame (1) is height-adjustable.

7. Assembly workstation (16) according to the previous claim comprising a height-

adjustment actuator (7) for adjusting the height of the support frame (1).

11
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10.

11.

12.

13.

14.

15.

Assembly workstation (16) according to claim 6 or 7, wherein the height-
adjustable support frame (1) is arranged to be placed at a height to

ergonomically accommodate the person height.

Assembly workstation (16) according to any of the previous claims wherein said
platform (9) comprises locking means for holding the lower workbench base

nest (10).

Assembly workstation (16) according to any of the previous claims wherein said
upper workbench mask nest (12) comprises locking means for releasably

coupling to said support frame (1).

Assembly workstation (16) according to any of the previous claims wherein said
platform (9) comprises electrical, sensor, pneumatic or hydraulic couplings (11)

for coupling to corresponding couplings in the lower workbench base nest (10).

Assembly workstation (16) according to any of the previous claims comprising a
rotary damper (15) for smoothing the rotation of the upper workbench mask

(12).

Assembly workstation (16) according to any of the previous claims comprising

an actuator (15) for rotating the upper workbench mask (12).

Use of the assembly workstation (16) according to any of the previous claims

for assembling products by a person.

Method for installing an assembly jig (17) of an assembly workstation (16) for
assembling products by a person, said workstation comprising:

a lower workbench base nest (10) and an upper workbench mask nest (12),
wherein the base nest and mask nest define an assembly jig (17) for said
products;

a support frame (1);

a vertically displaceable platform (9) for receiving said base nest (10); and

an actuator (8) attached to the support frame (1) and attached to the platform

(9) for creating vertical displacement of said platform (9);

12
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wherein said lower workbench base nest (10) is arranged onto said platform (9)
and said upper workbench mask nest (12) is pivotably coupled to said support
frame (1) for rotating about a transversal horizontal axis;

said method comprising obtaining said lower workbench base nest (10) and
said upper workbench mask nest (12) by additive manufacturing; and installing

the obtained base nest (10) and mask nest (12) onto said workstation (16).

13
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