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Research Title: Design and Development of an Electric Stand-up Wheelchair
Researcher: Dr.Don Isarakorn, Mr.Songmoung Nundrakwang, Dr.Noppadol Maneerat,

Dr.Kasemsuk Sepsirisuk

Faculty: ........_Engineering........ Department: _[nstrumentation.and. Control Engineering

ABSTRACT

This research presents the designing and development of an electric stand-up wheelchair.
A standing wheelchalir is assistive technology that allows a wheelchair user to raise the
chair from a seated to a standing position. The standing wheelchair supports the person in
a standing position and enables interaction with people and objects at eye level. Standing
wheelchairs are used by people with mild to severe disabilities including: spinal cord
injury, traumatic brain injury, cerebral patsy, épina bifida, muscular dystrophy, multiple
sclerosis, stroke, rett syndrome, post-polio syndrome and more. In this work, a prototype
of the wheelchair has been designed and developed. Solid Works is used to model the
wheelchair mechanics. The structure of the wheelchair consists of driven wheels, caster

wheels, linear actuators, suspensions, battery, and electronics for control system.

Keyword: electric wheelchair, electric stand up wheelchair, mobility assistive equipment
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Capacity , Energy dencity & Cycle life

Norminal Capacity
®@23C/T7°F

40 AH @ (/3 discharge

Available Capacity
@23C/77°F

>98% @ 1C discharge

295% @ 2C discharge

>90% @ 3C discharge

(C/3,23°C/77°F)

Energy dencity: 102.2 Wh/l
(C/3,23°C/77°F)
Specific energy: 84.8 Wh / kg

Specific power:
(23°C/77°F)

424 W / kg @ 15 sec
254 W / kg (continuous)

Inner resistance:

<1.5mQ

Cycle Life:
(23°C/ 77 °F)

2000 times @ 80% DOD

1000 times @ 100% DOD

15197 3.4 uansguaniinismiavesunnesaieloaaunean Hp-PW-40AH

Charge data @ 23°C/ 77°F

Charge voltage: 365V
Cut-off charge voltage: 385V
Charge mode: CC/ CQV (3.65V)
Standard charge current: 13.3(C/3) A

Max. cont current in CC state:
(constant current)

<40 (100 A @0 ~90% SOC

Peak charge current:
(constant voltage)

< 80A (2C) @ 15sec@0~80% SOC

Balance time in CV state:

1~2 hours

Floating charge voltage:

340V

AJ Wy o < AJ:\ L=
R399 3.5 LansaauanUinsfiduiisvesunnednsuylessunaaiis Hp-PW-40AH

Discharge data @ 23°C / 7T7°F

Discharge voltage:

3.2V @ (/2 discharge

Cut-off discharge current:

250V

Standard distharge current:

13.3 (C/3)A

Max. cont current;

120 (C/3) A




dy a N o [ N A = . gj ' N ) N o N
wnansiidwenarsianubidnsunislynuiiensfnwmtu lueygalnilulsdsslosuaunisan

lunsallagrsau Snvimuiiludawdasilon waznesedadaarvesenarsynasaminisinluly



wnanstiuenansiianubidmsunmslynuiensfinviniu lueugralmilulayssleguaunism

lunnsallagusdu Snvianudlvdaulasilon waznasendaduavetenarsynasaminisiiltule



dy a N o [ N A = . gj ' N ) N o N
wnansiidwenarsianubidnsunislynuiiensfnwmtu lueygalnilulsdsslosuaunisan

lunsallagrsau Snvimuiiludawdasilon waznesedataarvesenarsynasminisinluly



dy a N o [ N A = . gj ' N ) N o N
wnansiidwenarsianubidnsunislynuiionsfnwimiu lueygsinilulsdsslosuaunisan

lunsallagrsau Snvimuiiludawdasilon waznesedataarvesenarsynasminisinluly



mi'mﬁ 3.7 uansseavdanvad Standard Motor 984 HIWIN LAN Serie (1)

37

Model Thrust Pulling Holding Speed(mm/s)
Max. Max. Max. Load=Max./Load=0
(N) (N) (N)
LAN1-1 6000 5000 5000 2.1 5
LAN1-2 4000 4000 4000
Model Standard stroke Duty Current max. Hall Sensor
(mm) :S Cycle (A) Resolution
% 24VDC (mm/pulse)
LAN1-1 { 100 | 150 | 200 | 250 | 300 10 4 0.3
LAN1-2 | 100 | 150 | 200 | 250 | 300 10 q 0.5
PRTaty 3.8 wamTIwandEnYaY Fast Motor 284 HIWIN LAN Serie (1)
Model Thrust Pulling Holding Speed(mm/s)
Max. Max. Max. Load=Max./Load=0
(N) (N) (N)
LAN1-1 6000 5000 5000
LAN1-2 4000 4000 4000
LAN1-3 3000 3000 3000 9 115
LAN1-4 2000 2000 2000 12 17
Model Standard stroke Duty | Current | Hall Sensor
(mm) :S Cycle max. | Resolution
% (A) | (mm/pulse)
24VDC
LAN1-1 100 150 200 250 300 10 6 0.3
LAN1-2 100 150 200 250 300 10 6 0.4
LAN1-3 100 150 200 250 300 10 6 0.5
LAN1-4 100 150 200 250 300 10 55 0.8
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[1] CENTERS FOR MEDICARE & MEDICAID SERVICES, Medicare’s Wheelchair and Scooter
BenefitCMS Product No. 11046 Revised January 2011

[2] Guide : Shashank Mehta Dr Subir Das Faculty of Industrial desigh National Institute of
Design “Design of electric wheelchair” Vinay VenkatramanDept of Industriatl design
National institute of ~designAhmedabad 38G007 Sponsor : Ecotransit Pvt Ltd.

[3] The Power WheelchairWhat the SCI Consumer Needs to Know by the SCl
ModelSystems in collaboration with the University of Washington Model Systems
Knowledge Translation Center (UW MSKTC) with funding from the National Institute on
Disability and Rehabilitation Research in the U.S. Department of Education, grant no.
H133A060070. http.//www. msktc.org/sci/\findms.asp .

[4] Amy Meyer, PT, ATP “ The necessityof standing: There is no alternative”
www.rehabmagazine.ca

[5]R. de Klerk , M. Englert , C. Hiusler » M. Selig , R. Ullrich “Virtual prototype of a
climbing electric wheelchair” ITK- Consulting — 76863 Herxheim/Germany. Karlsruhe
Research Centre, Institute for Medical Engneering and Biophysics.
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2.1 Mechanics and acrors .

The wheelchair Laz 4 wheels, ezch of Which {5 mounted on a wheelbaze. Tha znzle detwesn.
- the wheelbase and axle can be varied. 4 special frama, in tha shaps of 2 reralislogram,
~coarects. front acd rear 2xle ard maintein ap upTight seat pozition during cliw:ting. The axle

€2n be roteted 2round this frame and the frame length can be adjusteé o the verious stzircase

geometies. The rear azle k2s 2 maxitum rotztion of about 307, the For: axle car ba rozatsd

2bwos? 00°. In shis way. the simcture i wzchanizally seable in 2l Fosidons and can stiil He

stezred with 2 sl tamming cizcle.

Fiz. I: Whedlehair frame wirk paralelorra

Barery lifetima iz ac imyportan: factor ir: the design ead seleciion procass, Al axa: are driven
by bruskless de-mazoms becauss of their good charactanistics and low waighr 2ad power
<onsumptien. Credis card size z=mvo ampiifiers aze vzed 0 power the moetors, in order to save
vaitzdia waight anc space.

! provqpe of 2 vizaag elctic whaelskas, Sept. §9, page 27
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Ti2 snaircase is gemerarad as 2 sheli A Forren USER-firetion which wes wriken 2y MDI i5
usad to calculate the contact forces benveen tha staircase and all four wheels acd tetwasn the
stzircase acd all four RIPpont arms. Friction, elastcity acd coxping charactesissics have besn
fakar into accoum:, ' '

3.2 MATRIXx coniro! system

The MATRIXx corsrol SYstem coasists of a setpoini-gederatr. corrolier logic in the form of
- finite-stata mackines, high-leval coarol functions such 35 trajeciony-corrol for autonamors

motor: aud a uncher of positior 2nd valocisy coarol loops which corrol the movement of

222k o%is. Also. conrol loops conceming seat icclimatior amd ceaw2 of gavity have teen
- implemeprad. '

2 13t desiga of the commollsr logic has seex implemanied in the form of Blockscrip:
X5. As the comwplianity of tha modals increases, finite siate machices can be vied to kesp

152 Sentroiler logic modular and comprekensidle. It is possivle 10 use MATRIO: AuicCode
™

fu2ctonality 10 gecerate C-code for ske contros systelz awiomatically,

3.3 Co-simulation
 Tha ADANSICONTROLS package is used for co-simulation of ths meckanical medel acd
its corirol systam. In fais way: raalisic scemrios car e siniulated acd che dekaviour of the
wheelchair on vazfous staircaze Zeometries can be smdiag Stzp height. widts acd depth, 25
weil a5 radivs of spirl striscases cap ba aasily medified. Kinematics, conmol algonithn:s and
ta2 choiCs of zenzor svstems can ba verified withou: having s Buitd a Frototype ia this aarly
desizr phasa of the droject.

AYE Tres ivhry
ILIG G SRV LAY it St

PGSO R Y IEAY)
el

(5 Y « § Lz ia
133 : >
L < ‘9
oy = 4 - R} L
2 -134 2 i= 23
£ B e py -
Rl e : : ) Nt
,L°7 "~ i gm . v
(] & F i »
tha G’ g 10
fe H o 1
£ = damenm -
::b-‘ 2l 5 P = G 3
L 3 e

Tiz. £ Clored Jzom simelariza mods] (CoSimulacian)

-4 . Virtual prototype

In order 10 be able o r2:10ur cpemtional softwers in simulation. we Lave ictegrated our
CASE 100 fn the co-simulation epvirorman: da: cibed above. '
-Rhagsedy is a-CASE-tool whick is Based on the UML. It can bte wzad 1o design objec:-
aziared softwara for redi-time embedded sy=iams 2&d produces C++ code which is ailored to
o rexl-tinee opezXing system. Tia combination of Rhapsody with MATRIX :nd ADAMS

- Virnael prosseypo of » ciingizg slocesic whealcker, Sept. $¥, prze &
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2004 91133 “Development of Control System for Multiple Autonomous
Robots,” Faculty of Engineering, King Mongkut’s Institute of Technology
Ladkrabang

2004 Q"a"'mﬁﬁ'ﬂ “Electrochemical-Metallizing Power Supply,” Research Center for
Communications and Information Technology, King Mongkut’s Institute of
Technology Ladkrabang

2003 Q"i"m"ﬁffﬂ “Speed and Position Control of Ultrasonic Motor using PDFF
Controller Designed by Coefficient Diagram Method,” Research Center for
Communications and Information Technology, King Mongkut’s Institute of
Technology Ladkrabang

2003 371338 “Application of Shape-Memory Alloy (SMA) to Miniature
Manipulator,” Research Center for Communications and Information Technology,
King Mongkut’s Institute of Technology Ladkrabang
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