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

. TN
1 rld Intellectual Property Organization /) -sady
(19) World Intellectual Property Organization /g5 1IN0 IC K100 AR 0O 1
International Bureau S,/ )
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
19 November 2009 (19.11.2009) PCT WO 2009/138731 Al
(51) International Patent Classification: HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
B62M 1/14 (2006.01) A61G 5/02 (2006.01) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
B62M 9/00 (2006.01) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
. o . NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
(21) International Application Number: SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA,
PCT/GB2009/001181 UG, US, UZ, VC, VN, ZA, ZM, ZW.
(22) International Filing Date: (84) Designated States (unless otherwise indicated, for every
11 May 2009 (11.05.2009) kind of regional protection available): ARIPO (BW, GH,
(25) Filing Language: English GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
Lo . ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TI,
(26) Publication Language: English TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
(30) Priority Data: ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
0808803.1 15 May 2008 (15.05.2008) GB MC, MK, MT, NL, NO, PL, PT, RO, SE, SL, SK, TR),
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML,
(71) Applicants and MR, NE, SN, TD, TG).
(72) Inventors: LESLEY, Samuel [GB/GB]; 26 Portway, .
Steyning, W. Sussex BN44 3QF (GB). MICHAELIS, Declarations under Rule 4.17:
Jonathan, Martin [GB/GB]; 12 Burlington Road, Bux- —  as to the identity of the inventor (Rule 4.17(i))
fon, Derbyshire, SK17 9AL (GB). — as to applicant’s entitlement to apply for and be granted
(74) Common Representative: LESLEY, Samuel; 26 Port- a patent (Rule 4.17(i1))
way, Steyning, W. Sussex BN44 3QF (GB). —  of inventorship (Rule 4.17(iv))
(81) Designated States (unless otherwise indicated, for every Published:

kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ,
EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

with international search report (Art. 21(3))

70,

FIGURE 5

40

(54) Title: HAND- PROPELLED VEHICLE WITH BELT DIFFERENTIAL

20097138731 A1 I 000 0 O RO OO0 I A0

<

W

(57) Abstract: A hand-propelled vehicle such as a hemiplegic wheelchair, with a single input handwheel (60), two drive wheels
(70) and a differential (2). The differential (2) uses a endless toothed belt (12) running over two toothed pulleys (16, 18) coaxial
with the handwheel (60), and two planet pulleys (8, 20) with their axes transverse to the handwheel axis (14) and mounted on a
planet carrier (4) attached to and driven by the handwheel (60). A simple lightweight structure connects the handwheel (60), the
toothed pulleys (16, 18) and the planet pulleys (8,20).
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HAND-PROPELLED VEHICLE WITH BELT DIFFERENTIAL

Background

The present invention relates to a differential for a hand-propelled vehicle. More particutarly a belt-
driven differential for a hemiplegic wheeichair.

Wheelchair users who have hemiplegia (paralysis down one side of their body) find difficulty in
walking, and prefer to use a wheelchair. However, propelling themselves manually is difficult because,

. with only one arm available for propulsion, there is a tendency for the wheelchair to veer away from
the intended direction. Typically, the wheelchair may veer 10° to 30° away from the intended direction
with each push of the active hand on the adjacent handrim.

A more recent development is the use of a single handrim in conjunction with a differential. (See:
Anne Mandy et al, Energy expenditure, and comfort in a modified wheelchair for people with
hemiplegia: A controlled trial, Disability and Rehabilitation: Assistive Technology, September 2007;
2(5): 255 —~ 260). The differential supplies equal torque to both driving wheels, allowing the chair to
drive in a straight line until the foot steering is used to change the direction. The differential drive is
preferred by users because it is far more ergonomic and easy to use than other drive systems.

Differentials using toothed belts -are well known. US 5,445,572 and US 5,984,819 use a singie belt.
Both inventions are intended for powered vehicles. Neither is suitable for a hand-propelled vehicle.

Summary of the invention

Viewed from a first aspect, the present invention relates to a hand-propelled vehicle having a belt-
drive differential.

Viewed from a second aspect, the present invention relates to a hand-propelled vehicle having first
and second drivé wheels positioned one on each side of the vehicle, an input handwheel and a
differential, the differential comprising: a planet carrier driveably connected to the handwheel, planet
pulleys mounted on the planet carrier, a first toothed pulley coaxial with the handwheel and driveably
connected to the first drive wheel, a second toothed pulley coaxial with the handwheel and driveably
connected to the second drive wheel, and a toothed belt passing around the toothed pulleys and the
planet pulleys, wherein the planet carrier and planet pulleys are positioned outward of the first drive
wheel from the hand-propelled vehicle.

As the planet carrier and planet pulleys are positioned outward of the first drive wheel from the
hand-propelled vehicle, there is plenty of room to accommodate the toothed belt and allow it to twist
through 90° between the planets and the toothed pulleys without excessive strain on the belt. For
example, with a strong person providing the driving force to the hand-propelled vehicle, the torque
generated by the handwheel can be as high as 30 - 40 Nm. This is well in excess of the input torque to
US 5,984,819, which is around 12 Nm, making the differential described in that publication unsuitable
for a hand-propelled vehicle. However, by positioning the planet carrier and planet pulleys outward of
the first drive wheel from the hand-propelled vehicle, a stronger belt can be used, say 10 mm pitch
instead of 5 mm pitch, which requires a longer distance between the planets and the toothed pulleys in
order to twist the belt as gently as possible around the pulleys (the axes of planets typically being at
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90° to the axes of the toothed pulleys). '

Viewed from a third aspect, the present invention relafés to a hand-propelled vehicle having first
and second drive wheels positioned one on each side of the vehicle, an input handwheel and a
differential, the differential comprising: a planet carrier driveably connected to the handwheel, planet
pulleys mounted on the planet carrier, a first toothed pulley coaxial with the handwheel and driveably
connected to the first drive wheel, a second toothed pulley coaxial with the handwheel and driveably
connected to the second drive wheel, and an endless toothed belt passing around the toothed pulleys
and the planet pulleys, wherein the centre of mass of the differential is offset from the common axis of
the handwheel and the first and second toothed pulleys.

The differentials described in US 5,445,572 and US 5,984,819 are arranged to have their centre of
mass coincident with the axis of the wheel by which they are driven to prevent vibration. As the
planets must be offset from this axis, counter-balancing of the planets is required in order to achieve
this. In the present invention, it has been recognised that the handwheel needs to rotate only at low
speeds. So, there is no need to provide a weight to counter-balance the offset mass of the differential.
This allows the structure of thel differential to be kept to a minimum to save weight. Hence the total
mass of the hand-propelled vehicle is reduced, which is an important feature for a hand-propelied
vehicle, especially when propeiled by only one hand.

The first and second toothed pulleys may be positioned one on each side of the handwheel. The
second toothed pulley may be driveably connected to the second drive wheel via a shaft. The first
toothed pulley may be directly connected to the first drive wheel.

The differential may have two plates sandwiching at one end of the plates a hub of the handwheel
and at the other end of the plates an adjuster, wherein the planet carrier is slideable between the two
ends. The planet carrier may be constrained to slide longitudinally along the plates. The differential
may then have threaded means for cooperating with the adjuster to move the planet carrier
longitudinally along the plates away from the common axis of the handwheel and first and second
toothed pulleys.

Also, because the mechanism operates slowly, there is no need to have many teeth on the pulleys.
The toothed pulleys can have as few as 24 teeth. US 5,984,819 has toothed pulleys with ’at least 61
teeth’.

Description of the preferred embodiment
The invention will now be described with reference to the following figures:
Figure 1. General view of the belt-drive differential
Figure 2.  Differential with outer pulley and belt removed
Figure 3. Differential with outer plate removed
Figure 4.  Differential with handwheel in position
Figure 5. Differential and handwheel attached to the drive wheel

Figure 1 shows the main elements of the belt-drive differential (2). First toothed pulley (18) and
second toothed puliey (16) have their axes concentric with main axis (14). First planet (20) and second
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planet (8) have their axis (10) transverse to (and in the illustrated embodiment perpendicular and
spaced apart from) the main axis (14), and rotate around planet pins (22, 6). The planet pins (22, 6)
are mounted in a planet carrier (4). The distance of the planet carrier (4) from the main axis (14) is
adjustable via cap screw (3). A toothed belt (12) runs in sequence around first toothed pulley (18), first
planet (20), second toothed pulley (16), second planet (8) and back to first toothed pulley (18). [Note:
The toothed belt is shown without teeth].

The structure of the differential (2) is shown more clearly in figure 2, which omits the belt (12) and
second toothed pulley (16). The structure comprises a hub (40) sandwiched between two plates (32,
34). Also shown are fixing screws (36) and a bearing (38) set in the hub (40). The planet carrier (4)
has flanges (30) which constrain the planet carrier (4) to slide up and down the plates (32, 34) when
screw (3) is adjusted.

In figure 3, one plate (34) is omitted to show the means of adjusting the tension in the belt (12).
Adjuster (52)yis fixed between the upper ends of the plates (32, 34). The screw (3) sits freely in a hole
in adjuster (52) and screws into planet carrier (4). Clockwise rotation of the screw (3) moves the planet
carrier (4) away from the main axis (14) and tensions the toothed belt (12). Flange (30) on planet
carrier (4) is shown more clearly than in figure 2. Hub (40) has radial holes (54) into which spokes (64
in figure 4) are inserted.

Figure 4 shows the spokes (64) inserted into the hub (40). A handrim (62) is attached to the spokes
(64) to form a handwheel (60). When the handwheel (60) is rotated the differential (2) rotates with it,
generating equal torque on the toothed pulleys (16, 18).

Figure 5 shows the handwheel (60) and differential (2) mounted on a first drive wheel (70) of a
wheelchair. First toothed pulley (18) is fastened to the first drive wheel (70) with screws. Second
toothed pulley (16) is mounted on and keyed to a stub-shaft (72) which runs in bearings (not shown)
inside the hub (40) of the differential (2) and inside the first drive wheel (70). Stub-shaft (72) may be
connected to a second drive wheel (not shown) on the opposite side of the wheelchair. Hence first
toothed pulley (18) drives the first drive wheel (70) and second toothed pulley (16) drives the second
drive wheel. .

As can be seen in figure 1, the structure of the differential (2) is both simple and lightweight, and
can be enclosed within a lightweight cover (not shown) to shield the differential (2) from the wheelchair
user's hand and from dust. Before fitting the toothed belt (12), the planet carrier (4) would be moved
radially fo its position closest to the main axis (14), allowing the toothed belt (12) to be slid into position
over the pulleys (16, 18) and planets (8, 20). The planet carrier (4) can then be moved radially
outwards from the main axis (14) using screw (3) to tighten the toothed belt (12).
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Claims

1. A hand-propelled vehicle having first and second drive wheels positioned one on each side of the
vehicle, an input handwheel and a differential, the differential comprising: a planet carrier
driveably connected to the handwheel, planet pulleys mounted on the planet carrier, a first
toothed pulley coaxial with the handwheel and driveably connected to the first drive wheel, a
second toothed pulley coaxial with the handwheel and driveably connected to the second drive
wheel, and a toothed belt passing around the toothed pulleys and the planet pulleys, wherein the
planet carrier and planet pulleys are positioned outward of the first drive wheel from the hand-
propelled vehicle.

2. The hand-propelled vehicle of claim 1, wherein the centre of mass of the differential is offset from

the common axis of the handwheel and first and second toothed pulleys.

3. A hand-propelled vehicle having first and second drive wheels positioned one on each side of the
vehicle, an input handwheel and a differential, the differential comprising: a planet carrier
driveably connected to the handwheel, planet pulleys mounted on the planet carrier, a first
toothed pulley coaxial with the handwheel and driveably connected to the first drive wheel, a
second toothed pulley coaxial with the handwheel and driveably connected to the second drive
wheel, and a toothed belt passing around the toothed pulleys and the planet pulleys, wherein the
centre of mass of the differential is offset from the common axis of the handwheel and first and

second foothed pulleys.

4. The hand-propelled vehicle of claim 3, wherein the planet carrier and planet pulleys are
positioned outward of the first drive wheel from the hand-propelled vehicle.

5. The hand-propelled vehicle of any one of the preceding claims, wherein the first and second

toothed pulleys are positioned one on each side of the handwheel.

6. The hand-propelled vehicle of any one of the preceding claims, wherein the second toothed

pulley is driveably connected to the second drive wheel via a shaft.

7. The hand-propelled vehicle of any one of the preceding claims, wherein the first toothed pulley is
directly connected to the first drive wheel.

8. The hand-propelled vehicle of any one of the preceding claims, wherein the differential has two
plates sandwiching at one end of the plates a hub of the handwheel and at the other end of the
plates an adjuster, wherein the planet carrier is slideable between the two ends.

9. The hand-propelled vehicle of claim 8, in which the planet carrier is constrained to slide

longitudinally along the plates.
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10. The hand-propelled vehicle of claim 8 or claim 9, wherein the differential has threaded means for

11.

cooperating with the adjuster to move the planet carrier longitudinally along the plates away from

the common axis of the handwheel and the first and second toothed pulieys.

The hand-propelled vehicle of any one of the preceding claims, wherein the toothed pulleys have

only 24 teeth each.



WO 2009/138731 PCT/GB2009/001181
1/5

FIGURE |



WO 2009/138731 PCT/GB2009/001181
2/5

FIGURE 2



WO 2009/138731 PCT/GB2009/001181
3/5

FIGURE 3



WO 2009/138731 PCT/GB2009/001181
4/5

60 62

FIGURE 4.



WO 2009/138731 PCT/GB2009/001181
5/5

10

~

2

60
12

40

FIGURE 5



INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2009/001181

A. CLASSIFICATION OF SUBJECT MATTER

INV. B62M1/14 B62M3/00 -

A61G5/02

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

B. FIELDS SEARCHED

B62M A61G F16H

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, PAJ

Electronic data base consulted during the international search (name of data base and, where practical, 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.

22 February 2006 (2006-02-22)
the whole document

A US 3 543 608 A (MEIHAK ROGER W)
1 December 1970 (1970-12-01)
the whole document

16 November 1999 (1999-11-16)
cited in the application
the whole document

21 February 1995 (1995-02-21)
the whole document

A EP 1 627 619 A (LESLEY SAMUEL [GB])

A US 5 984 819 A (MCCOMBER DONALD R [US])

A US 5 390 753 A (PARKER BRUCE H [US])

1-11

1-11

1-11

1-11

m Further documents are listed in the continuation of Box C.

. E See patent family annex.

* Special categories of cited documents :

*A* document defining the general stale of the an which is not
considered to be of particular relevance

earlier document but published on or after the international
filing date

°‘L* document which may throw doubls on priority claim(s) or
which is ciled to establish the publication date of another
citation or other special reason (as specified)

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

'P* document published prior to lhé international filing date but
later than the priority date claimed

g

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

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

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 docu—
melr:ts, such combination being obvious to a person skilled
in the ant.

"&* document member of the same patent family

e

"y

Date of the actual comptetion of the international search

24 August 2009

Date of mailing of the interational search report

01/09/2009

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

de Acha Gonzalez, J

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

page 1 of 2




|NTERNAﬂONALSEARCHREPORT

International application No

PCT/GB2009/001181

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where éppropriale, of the relevant passages

Relevant to claim No.

A

US 5 445 572 A (PARKER BRUCE H [US])
29 August 1995 (1995-08-29)
the whole document

1-11

Form PCT/5A/210 (continuation of second sheet) (April 2006)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/GB2009/001181
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 1627619 A 22-02-2006  NONE

US 3543608 A 01-12-1970  NONE

US 5984819 A 16-11-1999 AU 724967 B2 05—10-2000
AU 8514698 A 22-02-1999
BR 9806116 A 31-08-1999
CA 2267102 Al 11-02-1999
CN 1237234 A 01-12-1999
DE 69813753 D1 28-05-2003
DE 69813753 T2 29-01-2004
EP 0927316. Al 07-07-1999
ES 2198060 T3 16-01-2004
HK 1024048 Al 27-02-2004
JP 2000505871 T 16-05-2000
JP 3240147 B2 17-12-2001
Wo 9906739 Al 11-02-1999

US 5390753 . A 21-02-1995  NONE

US 5445572 A 29-08-1995  NONE

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




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - claims
	Page 6 - claims
	Page 7 - drawings
	Page 8 - drawings
	Page 9 - drawings
	Page 10 - drawings
	Page 11 - drawings
	Page 12 - wo-search-report
	Page 13 - wo-search-report
	Page 14 - wo-search-report

