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(57) Abstract: A mounting apparatus (10) incorporates a dedicated physical feature (18) configured for attachment of a tensioning tool
(30), for tensioning of a drive belt (50, 104) having one of its belt pulleys (52) carried by the mounting apparatus (10). In an example
embodiment, the mounting apparatus (10) comprises a body member (12), e.g., a mounting plate, for a pulley assembly (40). The body
member (12) incorporates a dedicated physical feature (18) that is configured for engagement with a tensioning tool (30), for pulling
the body member (12) in a tensioning direction relative to the involved belt (50, 104). The mounting apparatus (10) comprises, for an
example, an interior component of a robot (100), and is mounted within an interior volume (103) of a segment (101) of the robot (100),
for tensioning of a drive belt (104) carried within the interior volume (103).
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APPARATUS FOR DRIVE BELT TENSIONING

TECHNICAL FIELD
18001} A mounting apparatus incorporates a dedicated physical feature that is configured
for temporary engagement by a separate tensioning tool, for tensioning of a drive helt having

one of its belt pulleys carriad by the mounting apparatus.

BACKGROUND
160627 Belt drives have countless uses, but example cases involve articulated robots,
where belts provide for the transfer of drive forces across jointed segments of the robots.
Notable challenges in the context of jointed robots include the criticality of proper belt

tensioning and the oftentimes fimited access to the joint internals for tensioning adjustments.

SUMMARY
{6003} A mounting apparatus incorporates a dedicated physical feature configured for
attachment of a tensioning tool, for tensioning of a drive belt having one of its belt pulleys
carried by the mounting apparatus.
[6004] In an example embodiment, the apparatus comprises 2 mounting plate for a pulley
assembly, where the mounting plate incorporates a dedicated hook feature that is configured
for engagement with a tensioning tool, for pulling the mounting plate in a tensioning
direction relative to the invoelved belt.
(80031 The dedicated hook feature on one or more embodimaents is integral to the
mounting plate and is machined or otherwise formed as an opening in a perimeter edge of the
mounting plate. Advantageous example elements of the perimeter opening include an inlet
taper for guiding an end——an engaging portion—of the tensioning tool into a hooked recess

formed within the perimeter opening. For example, the inlet taper and hooked recess are
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formed as a continuous edge surface machined or otherwise formed within the edge defining
ane side of the mounting plate. The continuous edge surface includes radiused contours
throughout, in at least one embodiment, to facilitate entry and exit of the tensioning tool into
and out of the hooked recess. Further, in one or more other embodiments, the hook feature is
mounted to the mounting plate, rather than being integrally formed within the mounting plate.
REEEY! The mounting plate in at least one embodiment includes one or more attachment
slots that allow back and forth movement of the mounting plate along a tensioning axis
associated with the involved belt. For example, attachment hardware inserted through the
attachment slots 1S loosened to allow shiding movement of the mounting plate for tensioning,
with tensioning adjustments then achieved by hooking the tensioning tool within the
dedicated hook feanure of the mounting plate and pulling the mounting plate in the tensioning
direction. Once the tensioning tool displays or detects the correct tension on the bel,
tightening of the attachment hardware in the attachment slots maintains that tension.

{60071 In at least one embodiment, the hook feature is offset relative to a center fine of
the mounting plate, where the centerline of the mounting plate is perpendicular to and
intersects the rotational axis of the pulley carnied by the mouonting plate. Correspondingly, at
feast one of the one or more attachment slots in the mounting plate has a slot width that is
dimensioned for close clearance of the attachment hardware—e.g., bolt, pin, etc.—that passes
through the attachment slot, to resist angular rotation of the mounting plate around the
rotational axis.

[3808] The mounting plate is a motor mounting plate in one or more embodiments, wherg
the pulley in question is driven by the motor. In other emnbodiments, the mounting plate
carries a spindle-mounted pulley that is at the non-driven “end” of the belt. In either case, in

at feast one embodiment, the mounting plate is carried within an articulated robot and carries
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one of the pulleys associated with a belt used to transfer motive force across or at an
articulated joint of the robot.

18009] {3 course, the present invention is not limited to the above features and
advantages. Those of ordinary skill in the art will recognize additional features and
advantages upon reading the following detailed description, and upon viewing the

accompanying drawings.

BRIEF DESCRIFTION OF THE DRAWINGS
16616} Figure 1 is a diagram of a2 mounting apparatus according to one embodiment.
10611} Figure 2 is a diagram of the mounting apparatus of Figure 1, shown in context
with additional environment details.
10612} Figure 3 corresponds to Figure 2, but depicts a plan view of the mounting
apparatus.
18613} Figure 4 corresponds to Figure 2, but depicts a side view of the mounting
apparatus.
18014} Figure 3 corresponids to Figure 3, but depicts an opposite plan view of the
mounting apparatus.
{0815] Figure 6 illustrates a robot according to an example embodiment comprising a
Selective Compliance Articulated Robot Arm {(SCARA) that includes one or more instances
of a mounting apparatus as disclosed herein.
16016} Figure 7 illustrates another view of the robot introduced in Figure 6, with an
interior volume revealed.
{66171 Figure 8 ilustrates yet another view of the robot introduced in Figure 6, with
further interior details.

[B018] Figure 9 further Hlustrates mounting-apparatus details introduced in Figure 8.
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{0619] Figure 10 illustrates a close-up view of details shown in Figure 9.

DETAILED DESCRIPTION
[6426] Figure 1 iHlustrates one embodiment of a moonting apparatus 10 that includes a
body member 12 having one or more attachment slots 14 for attaching the mounting
apparatus 10 to a surrounding structure via attachment hardware inserted through the
attachment slots 14, By way of example, the illustrated body member 12 inchades three
attachment slots 14-1, 14-2, and 14-3, and the diagram omuts the attachment hardware and the
surrounding structure/environment to provide an unobstructed view of the mounting
apparatus 10.
[0921] With the mounting apparatus 10 in site and with the attachment hardware in a
loosened state, the hody member 12 is linearly shidable along a directional hine defined by a
slot direction of the one or more attachment slots 14, Here, “in sity” rmeans mounted or
otherwise installed in the contemplated surrounding environment. To that end, the body
member 12 further has one or more apertares 16 or other physical features for attaching a
pulley assembly (not shown) that includes a first pulley of a drive belt, and wherein sliding
the body member 12 in sifu in a first direction along the directional line increases a belt
tension of a drive belt mounted on the first pulley.
09221 Advantageously, the body member 12 incorporates a dedicated physical feature
18. The dedicated physical feature 18 is configured for temporary engagement of a separate
tensioning tool (not shown), for exerting a pulling force on the body member 12 in the first
direction to set the belt tension.
16623} In at least one embodiment, the body member 12 is a mounting plate. Fusther, in
at least one embodiment, the dedicated physical feature 18 is integrally formed in the body

member 12. For example, the dedicated physical feature 18 is machined into the body
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member 12 or stamped into the body member 12 or the body member 12 15 a cast item with
the dedicated physical feature 18 defined in the casting.

{0624] In at least one particular embodiment, the body member 12 is a mounting plate,
and the dedicated physical feature 18 is a dedicated hook feature formed in an outside
perimeter edge 20 of the mounting plate. The dedicated hook feature comprises, for example,
a perimeter opening machined or otherwise formed in the outside perimeter edge 20 of the
mounting plate. The perimeter opening inclodes an inlet taper 22 that tapers inward in the
first direction—i.e., runs on a diagonal in the intended pulling/tensioning direction.
Advantageously, the inlet taper 22 is configured to guide an engaging portion {not shown) of
the tensioning tool into a hooked recess 24 formed within the perimeter opening.

[8925] The perimeter opening has radiused contours throaghous, in one or more
embodiments, with the radiused contours facilitating entry and exit of the engaging portuon of
the tensioning tool from the hooked recess 24.

{6426} As a further example, in an ernbodiment where the body member 12 1s a mounting
plate, the dedicated physical feature 18 comprises a slotted opening in a perimeter edge 20 of
the mounting plate, and wherein a slot direction of the slotted opening is diagonal to the slot
direction of the one or more attachment slots 14,

[6927] Figure 2 illustrates the mounting apparatas 10 introdoced in Figure 1 and provides
additional envirommental details. Additional details include a depiction of one example of a
tensioning wol 30 that includes a metal or cord loop having a loop end that serves as an
engaging portion 32 of the tensioning tool 30. The engaging portion 32 of the tensioning tool
30 engages with the dedicated physical feature 18 of the body member 12, and thus provides
a mechanism for pulling the body member 12 in a tensioning direction. Specifically, where

the dedicated physical feature 18 comprises an opening in the perimeter edge 20 of the body
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member 12, the engaging portion 32 of the tensioning tool 38 is urged or otherwise led into
the hooked recess 24 by the inlet taper 22.

{0428} Further details include a depiction of an example pulley assembly 40 that includes
a pulley 42 mounted on a spindie 44 that is driven by a motor 46 that attaches to the body
member 12, such that the body member 12 can be understond as “carrying” the overall pulley
assembly 40. In the illustrated example, the pulley 42 is the drive pulley in a two-puliey
arrangement in which a drive belt 30 transfers rotational movement of the pulley 42 toa
second pulley 32. In at least one ernbodiment, the belt 50 crosses an arficulated joint of a
robot, for transfer of motive force across the joint.

[6029] In this regard, the term “pulley” has broad meaning and may be any type of
pulley, including those configured for V-belts, toothed belts, etc. The term “sheave” is also
encompassed within the term “pulley.”

[6434] Turning back to example details of the dedicated physical feature 18 in an
embodiment where the dedicated physical feature 18 is a contoured opening machined or
otherwise formed within a perimeter edge 20 of the body member 12. The surface of the
mounting-plate edge within the hooled recess 24 of the contoured opening defines an
engagement surface for the engaging portion 32 of the tensioning tool 30 and allows the body
member 12 (o be pulled in a tensioning direction along a tensioning axis that is centered on
the hooked recess 24 and parallel to a center line/axis of the body member 12, The centerline
axis of the body member 12 for example is perpendicular to and intersects with the
rotational/spindle axis of the pulley 42 that is carried on/by the body member 12.

(6031} Because of the offset between the centerline axis of the body member 12 and the
pulling axis, exerting a puiling force along the pulling axis produces a torque on the body
member 12 around the rotational/spindle axis. While the attachment hardware used to fasten

the body member 12 in situ to the surrounding strocture—e.g., holts, pins, or screws passed
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through the attachment slot(s) 14-—prevents significant rotation of the body member 12 ina
plane that is perpendicular to the rotational/spindle axis, the attachment hardware is loosened
for tensioning operations and, thus, some marginal rotation of the body member 12 may
occur upon application of the pulling/tensioning force.

{0632] To prevent or at least substantially reduce the marginal rotation of the mounting
apparatus 10 during tensioning operations, at least one of the one or more attachment slots 14
of the body member 12 is dimensioned for a close fit regarding a designed-for diameter of the
attachment hardware. As a general proposition, the attachment slots 14 are dimensioned for a
given size of attachment hardware or a given range of sizes. Therefore, the “close fit”" is a
tighter tolerance or fit, for touching engagement with the circamferential surface of the
attachment hardware, to allow for shding movement of the body member 12 along the pulling
axis / centerline axis while preventing any “play” in the body member 12 in the rotational
direction around the rotational / spindle axis.

{3033} Figure 3 shows a plan view of the overall assembly depicted in Figure 2. Figure 4
iHustrates the arrangement of Figure 3 but shown from one side. Figure 5 Hustrates the
arrangement of Figure 3 but shown in the opposite plan view.

[6934] Figure 6 illustrates a robot 100 comprising 2 SCARA and including one or more
of instances of the mouonting apparatus 10, for tensioning ong or more internal beli(s), e.g.,

-

used on Joints 3 and 4 of the robot 100 {on the “8” and “z” axes of the robot). Figure 7
illustrates the robot 100 with a portion of its external housing or casing removed, to reveal
internal elements, including motor assemblies 102 and drive belts 104, These assemblies are
carried at least in part within a segment 101 of the robot 100 and housed in an interior volume

103 of that segment 101, with one or more mounting assemblies 10 used to provide

tensioning adjustment for one or more of the drive belts 104.
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{0435] Figure § iHustrates a further exposure of the robot 100 depicting respective ones
of the motor assemblies 102 mounted in siru within the interior of the robot via respective
instances of one embodiment of the mounting apparatus 10 described hergin. In particular,
attachment hardware mounts the respective mounting apparatuses 10 within an interior
volume of the robot, with each mounting apparatus 10 carrying a respective motor assembly
102.

[3436] A hnear tensioning jig 110 is attached 1o or integrated with the robot 100 and it
carries one or more tensioning tools 30, with two shown in the non-Himiting example
arrangement. Here, it should be understood that an individoal tensioming tool 30 as carried by
the hinear fig 110 can be used to tension muitiple belts 104 within the robot 106, by operating
on the respective mounting assemblies 10 one at a time. The linear jig moves in and out
{linearly) in the tensioning direction, e.g., based on rotating a jackscrew via a knob 112,
[6837] Correspondingly, the tensioning tool{s) 30 carried in the hinear jig 30 have a visual
indicator, indicating current tension and thereby allowing an operator to set the correct
tension on the belt(s) 104 being adjusted. In at Jeast one embodiment, the tensioning tool{s)
30 are electronically readable, e.g., via a proportional analog sensor signal or a digitized
signal indicating measured tension, and the linear rig 110 is machine-driven, e.g., by another
robot or other tensioning machine configured to drive the linear jig 110 responsive to
tensioning readings from the tensioning tool(s} 30 in the Hnear jig 114

{6438} Figure 9 provides a different perspective view of the robot 100 as compared to
Figure 8, with better visibility of the respective mounting apparatuses 10. In particular, Figure
9 illustrates the dedicated engagement feature 18—=e.g., an integrated hook feature—inchided
in the body members 12 of the mounting apparatuses 10. Engaging ends or loops of the

tensioning cords coupled to the respective tensioning tools 30 “hook™ the dedicated physical
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features 18 of the respective mounting apparatuses 18, providing for tensioning of the belts
1{4 that are associated with the motors 102 carried on the respective mounting apparatuses.
{0439] Figure 10 provides a zoomed view from the same perspective as Figure 9, with
focus on the mounting apparatuses 1. The body members 12 of the mounting apparatuses 10
are formed as mounting plates that attach to interior mounting points of the robot 100 and
carry respective motor assemblies 102, which in tura drive corresponding belts that are
tensioned by engaging with the dedicated phiysical features 18.

160481 Notably, modifications and other embodiments of the disclosed invention(s) will
come to mind to one skilled 1o the art having the benefit of the teachings presented in the
foregoing deseriptions and the associated drawings. Therefore, it 15 to be understood that the
invention(s) 1s/are not to be himited to the specific embodiments disclosed and that
modifications and other embodiments are intended to be included within the scope of this
disclosare. Although specific terms may be employed herein, they are used in a generic and

descriptive sense only and not for purposes of limitation.
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CLAIMS
What is claimed is:
I. A mounting apparatus (13} comprising:

a body member (12) having:

one or more apertures {16) for attaching a pulley assembly {40} that includes a

first poliey (42} configured to carry a drive belt (88), and

one or more attachment slots (14} for attaching the mounting apparaws (10) to

a surrounding structure via attachment hardware inserted through the
one or more attachment slots (14), such that, with the mounting
apparatus (10} attached and with the attachment hardware in a
loosened state, the body member (12} is linearly slidable along a
directional line defined by a slot direction of the one or more
attachroent slots (14}, and wherein sliding the body member (12} in a
first direction along the directional line increases a belt tension of the

drive belt (30) carried on the first pulley (42); and

a dedicated physical feature (18) incorporated in or on the body member (12), the

dedicated physical feature (18) being configured for temporary engagement of

a separate tensioning tool (30}, for exerting a pulling force on the body

member (12) in the first direction to set the belt tension.

mounting plate.

2. The mounting apparatas (10) according to claim {, wherein the body member (12} is a

3. The mounting apparatus {10} according to claim 1 or 2, wherein the dedicated

physical feature (18} is integrally formed in the body member (12

10
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4. The mounting apparatus according to claim 3, wherein the body member (12} 15 a
mounting plate, and the dedicated physical feature (18) is a dedicated hook feature formed in

an outside perimeter edge (20} of the mounting plate.

5. The mounting apparatus (10} according to claim 4, wherein the dedicated hook
feature comprises a perimeter opening machined or otherwise formed 1o the outside perimeter
edge (20} of the mounting plate, the perimeter opening including an inlet taper (22) that
tapers inward in the first direction, with the inlet taper (22} configured to guide an engaging

Pz

poruon (32) of the tensioning tool (30} into a hooked recess (24) formed within the perimeter

opening.
6. The mounting apparatus {13) according to claim 5, wherein the perimeter opening has

radiused contours throughout, to facilitate entry and exit of the engaging portion of the

tensioning tool (34} from the hooked recess (24).

7. The mounting apparatas (1) according to any of claims 1-6, wherein the body
member {12} is a mountung plate and wherein the dedicated physical feature (18) comprises a
slotted opening in a perimeter edge of the mounting plate, and wherein a slot direction of the

slotted opening is diagonal to the slot direction of the one or more attachment slots {14).

8. The mounting apparatus (1) according to any of claims 1-7, wherein the mounting

apparatus comprises a component of a robot and mounts the pulley assembly to sarrounding

structure within an interior volume of the robot for in situ tensioning of the drive belt.

11
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9, A robot (106) comprising:
a segment (101) having an interior volume (103);
a mounting apparatus (1) configured for mounting a pulley assembly (40} within the
interior volume {103) of the segment (1(1), the pulley assembly (40) having a
first polley {42} configured to carry a drive belt {50};
the mounting apparatus (1{}) comprising:
a body member {12) having:
one or more apertures {16) for attaching the pulley assembly (40} to the
hody member (12};
one or more attachment slots (14) for attaching the mounting apparatus
{10} to surrounding structirre of the robot (100} within the
interior volume (103) via attachment hardware inserted through
the one or more altachment slots (14), such that, with the
mounting apparates (10} attached and the attachment hardware
in a loosened state, the body member (12) is linearly slidable
along a directional hine defined by a slot direction of the one or
more attachment slots (14), wherein sliding the body member
(12 in a first direction along the directional line increases a
belt tension of the drive belt (50) carried on the first pulley
{42y; and
a dedicated physical feature (18) incorporated in or on the body member (12),
the dedicated physical feature (18) being configured for termporary
engagement of a separate tensioning tool (30}, for exerting a pulling
force on the body member (12) in the first direction to set the belt

feNSIOn.

12
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10, The robot (100} according to claim 9, wherein the body member (12) is a mounting
plate.
it The robot (100) according to claim 9 or 10, wherein the dedicated physical feature

{18} is integrally formed in the body member (12).

12. The robot (100} according to claimy 11, wherein the body member (12} is a mounting
plate, and the dedicated physical feature {18) 15 a dedicated hook feature formed in an outside

perimeter edge (20) of the mounting plate.

13 The robot (100} according to claim 12, wherein the dedicated hook feature comprises
a perimeter opening machined or otherwise formed in the outside perimeter edge (20) of the
mounting plate, the perimeter opening including an inlet taper (22) that tapers inward in the
first divection, with the inlet taper (22) configured to guide an engaging portion (32) of the

tensioning tool (30) into a hooked recess (24 formed within the perimeter opening.

14. The robot (100} according to claim 13, wherein the perimeter opening has radiused
contours throughout, to facilitate entry and exit of the engaging portion (32) of the tensioning

tool (30} from the hooked recess (24).

i3, The robot (100} according to any of claims 9-14, wherein the body member (12) is a
mounting plate and wherein the dedicated physical feature (18) comprises a slotted opening
in a perimeter edge (20) of the mounting plate, and wherein a slot direction of the siotted

opening is diagonal to the slot direction of the one or more attachment slots (14).

13
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i6. The robot (100) according to any of claims 915, wherein the segment (161} of the
robot (100} includes a removable cover portion that exposes at least the dedicated physical
feature (18} incorporated in or on the body member (12), for engagement by the separate

tensioning tool (3{).

14
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INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2021/058154

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - F16H 7/12; F16H 7/08; F16H 7/10 (2022.01)

CPC - F16H 7/1263; F16H 2007/0842; F16H 2007/088; F16H 2007/0891; F16H 7/1254 (2022.01)

According to International Patent Classification (1PC) or to both national classification and IPC

B.  FIELDS SEARCHED

see Search History document

Minimum documentation searched (classification system followed by classification symbols)

see Search History document

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

see Search History document

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

C. DOCUMELNTS COMSIDERLD TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 4,969,859 A (HOLBROOK) 13 November 1990 (13.11.1930) entire document 14, 9-12
Y ~ |DE 7412059 U (SKF KUGELLAGERFABRIKEN GMBH) 11 July 1974 (11.07.1974) see 14, 9-12
machine transiation

Y US 2008/0102998 A1 (YANG) 01 May 2008 (01.05.2008) entire document 9-12

A US 2,498,392 A (BOYLE) 21 February 1950 (21.02.1950) entire document 1-6,9-14
A US 2001/0046915 A1 (GREEN et al) 29 November 2001 (29.11.2001) entire document 1-6, 9-14
A US 2009/0062046 A1 (LINDEMANN) 05 March 2009 (05.03.2009) entire document 1-6, 9-14

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

“D” document cited by the applicant in the international application

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

“L” document which ma?' throw doubts on priority claim(s) or which
i5 cited to cstablish the publication date of another citativn or other
special reason (as specified)

“O” documentreferring to anoral disclosurc, use, exhibition or ather 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

03 January 2022

Date of mailing of the international search r.

FEB 01 2022

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Harry Kim

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)
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Box No. I Observations where certain claims were found unscarchable {(Continuation of item 2 of first sheet)

This intcrnational scarch report has not been established in respeet of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.: .

because they relate o subject matier not required to be searched by this Authority, namely:

u

Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

[

Claims Nos.: 7,8, 15, 16

because they are dependent claims and are not drafted in accordance with the sccond and third sentences ot Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. E] As all required additional search fees were timely paid by the applicant, this intemational search report covers all searchable
claims.

u

As all scarchable claims could be scarched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

u

As only some of the required additional search fees were timely paid by the applicany, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims: itis covered by claims Nos.:

Remark on Protest [] The additional search fees were accompanied by the applicant’s protest and, where applicable, the
P Y PF I pp
payment ol a protest fee.
D The additional scarch fces were accompanied by the applicant’s protest but the applicable protest
tce was not paid within the time limit specificd in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)
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