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Abstract: An innovative body weight support system was designed to aid a patient in recovering from | | Cost Overview Table 1: Mapping customer needs to design features
impaired leg movement. This primarily ceiling-mounted system lifts the patient from a wheelchair and | | = OTS Parts: $3080.76 T oo a T cssmrson ] Al o
suspends them above an elliptical. The winch-like support system is guided along steel rails that mount to = Raw Materials: $909.78 | S o T T,
. , g ] ] _ iling Heig <80 in <ubsvstems otal assembled height is 18"
any ceiling’s structural beams. Track rollers smoothly translate the patient along the rails. The Easy-Weight = Manufacturing: $88.85 A PR R O TR S T ——ET——
E“Iptlcal ExerCISe (EEE) SyStem 1S Comprlsed Of d Slngle eIeCtrlcaI mOtor Coupled Wlth d gear traln that turns - Energy $18.74 3 No interference with 0 points below :::::s E::LE::I:;MEE around waist and upper body, no attachments below
- - . ° - 1F1 - elliptical operation user's knees ees
a shaft WhICh spools a steel rope offsettlng_ the patient’s weight by a specified _amount. The _user-frlendly = Assembly Labor: $141.89 4 Sd:; Hﬁzlh — ‘;’M,ﬂmﬂmﬂmr‘mwmagﬂmalmlmhmmmm
re_mote Interface ma_ke_s therapy programming fast and easy. The_ E_EE system Includes a r_ellable_ backup Total Cost: $4240.02 : R ” TR e T,
failsafe system that Is just slack enough to catch the patient mid-air in the case of any electrical failures. A | Mot Rl st e | et
lightweight aluminum suspension and an ergonomic nylon harness makes a previously burdensome therapy Fail-Saf i TS Llowestposition | [+
process less tiresome. The user will be mounted onto an elliptical trainer equipped with boots that use all-Sate: A secondary rope attaches phemddescen e | 20| sviem
- - - - -pg = - - - u . reveniion or pafticn o
functional electrical stimulation to rehabilitate the mind-to-muscle connections that the patient is lacking. to thhe susperllsmn fhr?rnehfrl?jm ﬁ” eyelet swinging into clliptical ; Harness
on t e top p ate Wwnic oldas t e motor 9 Translate unencumbered in | 3 in. of vertical Offset |Harness and suspension allow for user to traslate freely in the vertical
_ _ the vertical direction displacement System |direction.
Up The SeCOﬂdary rOpe IS COnflgured tO <257 vertical, Suspension and harness subsystems synergize to form a pendulm
o : . _ 10 Prevents sagittal fall <15° in dorsal Interface reducine lateral movemen '
Frame. The foundatl'o nal ( : be taUt at the IoweSt pOInt Of the Constrains body H:rnessghla: atl:iu:hments a:: the shoulders as well as locations such as
CO.Ii.Cept Of thz EE{/E 1S a exerCISG CyC|e 11 P;:::tcnts tr.:nsvﬂrsatfjl B:i:l:{in il{f;‘;ﬂ Harness ghﬂ hipsi - _ — —
Cel 1n mounte ral S Stem . . 12 1TSS USCr .n.jm scalc n ﬂff: Suzpenzion USpENsion nas rc¢c a ment points, O aCross € CNCEst and onc
TS J Interface: The user adjusts different il rhalte - 2 the back
with rollers that translate the . o 13 ictance >36 in Frame |User is translated up to 41 in by ceiling mounted rail system
vertical lift system as shown system parameters through an intuitive Vertical lift di 15 i Offset
ertical hh 1stance 1n.
S : remote. The remote translates along Srelon
1n Flg 1 SOlenOId aCtuated . . . . . Eamsss torso 392-58.01n Harness |Adjustable climbing harness style harness, fits almost all body types
spring locking pins fit into a with the user, so it 1s always within S m:lfll;mf@f t Offset
moo ansiton o 05 -2 Ibs/s sSC

offset weight System

arms reach. Fig. 2 shows an exploded

series of holes along the rails

, . . . . . Remote is attached to translating rail system by a cord such that it is
. PR / VICW Of the lnterface 17 Distance to interface 361n Interface always within reach of the uscr.g ’ ’
tO anChor the SyStem 11 @ — ROllerS . . . 18 | Mount to structural member Exert less than Frame Frame mounts distributes weight to ceiling over a large area with a
place . . Harnessz A mOdlﬁed OTS Cllmblng 50 psf max load of 25 psf; attaches to ceiling joists
. Flgure 2 EXpl()ded VIEW Of the . . . Provides continous user +51b Offset Offzet
harness 1s used to secure the user into | 1 System,
Interface remote . defined offset weight Error Interface
the SYStem ROpGS fI’OIIl the SUSpGIlSlOIl Offset weight support feels <15° tilt from Offset
. continous, despite . System,
frame attach to the harness in three astment vertical | "
= ’ —" Pllll ey loc atlons . 21 Provide offset over vertical ﬂ?: {?ﬂhfiijlﬁlgal’ Harness The offset subsystem provides the vertical range of motion. The track
‘/’/ . and horizontal range Vertical system provides the horizontal range of motion.
, . Sllbassen.lbly Offs et SyStem . A Varlable Speed 29 Is programmable 2 inputs Interface The remote takes the user's weight and height as inputs so the
. . controller has initial data.
Maln Cable mOtOI‘ Coupled Wlth d gear tI’aln makes 93 Interface colors > Interface M-Ddlﬂ button, value up/down buttons, and emergency stop button are
. . . all different colors
lt pOSSIble tO Offs et d d681red Value Of 23 Actions to execute task 2 Interface [(1) Select the mode (2) Adjust the value
the users Welght during assisted 4 Raw material cost £4.000 |:. All :IET?[: $91-{;" Susl;ﬁ?m; $825, Frame: $554, Fail-Safe: $305, Offset:
. . . . subsysiems , Ainferiace:
F orce S ensors elllptlcal CXCIC1ScC. The Offset SYStem 1S 25 User activated E-stop Activate with 1 | Fail-safe, |Two e-stop buttons, one un_the rem{_:te aml one on elliptical
| .« e hand Interface |dashboard. Both can be activated with a single hand.
Cap able Of hftlng up tO 1 ,05 O le and 26 Automatic force based Activates at Failsafe, |Controller coupled with load cells in suspension system detect when
. . . safety shutoff 120% of Suspension |safety limits are hi
operating at a max linear lift speed of | [~ [ imaindicator tarshows| | - e e 1 ep ettt e t
. . netion umens nterface |Two screens depict system parameters
10 in/s. A dual spool is used to supply mnel ——
. 28 Operational lifetime >1500E6 cycles ¢ Motor and cable spool lasts for >1500e6 rotations
S . two cables to attach to the suspension ystem —————— ——
usnpensi1on . . surface area covere < 50% I ess covers 28% of the users body, enough to stablize the user bu
p frame as Shown 1N Fl g 3 . 29 | Body surt d 307 H also allow them to exercise freely on the elliptical
/ Fl'allle 30 System footprint 8 ftx 10 ft Frame |The system has a footprint of 30in x 72in
Motor Mount Offset Speed and Torque Analyses
Set Serews Target Ilnea_r |1t speed. 10 In/s
[ Large Gear Target rotational lift speed: 4.255 rev/s
Figure 4. View of the Suspension System 1.5 hp %3 1 oo | Motor rotational speed: 1 rev/s
: Motor \ T S Sy Gear ratio:
from the offset system and an T — = = ~ en Ao
” - Retaining Rin Nz T 4255 80 17 dy
additional rope from the fail- | g I1E . . .
: . Motor gear pitch diameter, d, : 17 in
safe attach to a frame made of L,-20 x 2 1in SHS | b _
square tubing as shown 1n Fig. 4. The , Spool gear pitch diameter, d, : 4 In
Suspension frame 1S the structure Ball Be al‘ing ®. Factor of S afety:
which the three ropes that go to the 2
L P 5 Spool Mount—— Torque of Motor  44.47 Nm
Figure 5. A full system view of the Easy-Weight Elliptical Exerci harness clip into. FoS = fLoad = 2.63
1eure J. ull System view O € KaSy-Vvel Iptical £EXCrcise : i Toraue of Lo 16.91 Nm
5 J ! 5 P Figure 3. Exploded view of the Offset System 9 4 6.9




