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The lifting system shown here 1s a very adaptive system. The frame 1s supported S p 'nn g 2 O 2 O
by locking caster wheels that allow the entire system to be moved over the

o o
patient, and over the elliptical that is going to be used. The patient is connected St r'u t P U I I ey ACt Ve Re d U Ct ion SYSt em Julian Arias, Will Aston, Patrick Bain, Erin Endrulat,

to the system with clips that attach to the harness. These clips run to a set of : : :
springs, that are connected to a winch cable. The winch enables the patient to be P Ethan Lann, David Shi, Chris Thatcher, Paul Valvo

lifted and stabilized for rehabilitation to occur. The winch is directed by a /
controller connected to a sensor, which reports the force on in the system to help N

kkeep the patient 1n proper position, so no injuries occur during the process. /

Harness

Customer Needs: Quantified Need: Subsystem:

Customer Need 9 Harness impedance less than 10%

No arm or leg BWS
attachment points

’ Frame Plate for Pulley Mounting

Frame height 1s
adjustable

Customer Needs: Quantified Need: Subsystem:

Door clearance less than 327x80"

Waist circumference adjustability = _
must be 18.3” Waist strap adjustment

length: 20™

Places load per area on floor less than
40 pst

o e <ol : .
Bu tcucumtﬂelence' ac{{u tability Bust Velcro adjustment
must be 14.8 :

length: 16

Customer Need |

Frame 1s 93" tall

Floor footprint less than 8°x10°

Customer Need 15 Harness
Shoulder adjustability must be
6.4 Shoulder adjustment

length: 8"

Frame 1s 487 wide

Frame is 36" long - Frame Pin allowing adjustable frame
Frame i /
& P
Frame utilizes locking <Angled Bar creating truss system

caster wheels
Easy-Turn Caster wheel

Ceiling height less than 106™

Customer Need 3 Width greater than 36 with clearance

Thigh circumterence adjustability
must be 6.4” Thigh adjustment

length: 10”

AR

Customer Need 7 [———_] Patient movement has acceleration less
than 21 ft/s?

Customer Need 13 ?

Customer Need 14

Customer Need 31

- R-R-R-)

Harness leg straps provide 1"

clearance with the FES pads Leg straps secure 27
below the waist

Patient can be moved within frame Customer Need 29

Frame material 1s AISI
1020 Steel

Frame supports up to 350 pounds

Frame does not rely on floor mounted
tracks

Huarness Metrics:

9. Unencumbered patient movement: Harness impedance on leg and arm mobilsty (including BWS connection points) 1s less than 10%

Frame Metrics:

.l : R 15. Patient wearables fit 5% females - 95% males: wast circumference, bust circumference, shoulder length, and leg circumference
L. Must fit inside a medical or rehabilitation facility

N

3. Allows the user to stand and exercise on a standard elliptical machine without mterfering with the elliptical machine’s operation 29. FES pads are accessible: Hamess leg support does not interfere with FES pad location
7. The user 15 lifted from the wheelchair and placed on the elliptical trainer at safe and comfortable speeds.

13. Moves the fully suspended user from their onginal location over a standard elliptscal tramer

Figure 11. Drawing of the Harness

14. Holds the user suspended over the elliptical trainer while they are being strapped into the trainer

31. Must not be have floor mounted trucks

Figure 2. Exploded view of the Frame Figure 10. Customer Needs mapping for the Harness

Figure 1. Customer Needs mapping for the Frame

Design Highlights
i * Double pulley system allows for

- )
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/ Cost Overview \

IE easy cable alignment
:%f% " Telescoping Frame Pin system
| allows for variable height $1290.97

— Yield strength: 896

13600
440
R see

adjustments
Figure 3. FEA of frame bolt. Analysis shows that .
bolt can withstand Von Mises stresses associated ° LOCklIlg Caster Wheels make

with frame loads during operation with a factor of patient movements casy
safety of 16.

Body Weight Support System Stabilization

Buckles for Pulley attachment
Customer Needs: antified Needs: Subsystem: T . 3 S: £ : . : SRR &
(‘:“omcr rp Qu S ) 100% weight offset Customer Needs: Quantified Need: Subsystem: ‘T’hr:l (l;):]t]l\er\‘\[vjl[i\ su&pznl:'i] @/
. : - Uses standard 120 VAC electricity with emergency shutoft : = — ertically extens
e Minimum Factor of Safety of 4 " PID controller controls | Customer Need 8 Patient does .nOt Swing during o lz:t}ach;(cil :)0 tl}:;
Customer Need 6 —_—— Conqo e_l controis Double pulley allowing for cables to run pl OCESS uppcr.c &.S‘t én : 3cK.
A S Neal 28 Automatic emergency shut off if electric winch to close to one another Patient's vertical —
e - measured load is greater than +/- 10% maintain continual Customer Need 9 Patient’s vertical movement is not movement is unrestricted.
(.“-"‘”““" Need 26 BWS or max rated load is realized BWS +10% of target 316 Stainless Steel Cables ’: i hindered in rehabilitation A total of 4 springs
Customer Need 16 I\\ System damping ratio between 1.2 and erET welght e s— | 0 R : : . actuates the BWS s;;ring
Customer Need 17 1.6 BOS) W e:Tght Load Sensor and Z Patient 1s supported in the sagittal Spring-Pulley force. Duning tipping 2
' uppo Sens : , 0 PRy Lo S ity e, Doning %
Customer Need 4 BWS supports weight from 0 to 350 Arduino used as AT Plliey BabledorchoniBar A Customer Need | direction by a};&":ge of halt their SSUBDOIT springs will actuate the
—(.usmmcr Need 19 pounds controller ystem BWS to be half the total of
=T o2 ParE TE the BWS load.
Customer Need 20 BWS provides continuous offset Each spring takes loa . atient 1s supported n the I Buckles for Patient aftachment
Customer Need 21 within +10% of target weight up to 174 Ibs. S apaR sedieguidelplley Customer Need 11 transverse direction by a force of The winch is actuated via a o
- : PR P R half their BWS controller and sensor in
Customer Need 22 Controller w nt:ewa :::';::tél; speed winch Controller has laptop . closed loop feedback |
Customer Need 23 : mput and Load Capacity: 660 Ibs S is K cad- control keeping the patient ; :
e e | o vy v i programmable U =i CostomerNed 2 |——| BWS s regulted withcloseé-oop e o P e o
m'n‘.\,.‘:""? e o 120 VAL detrity o sandandwall osle wih 15-srp Sk cpacity times.
£ Suyppecta the fall wapht of e wer ap tp the full capacty of $ie ipeacal machane
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!Q: .r:'?t»\::il‘::iﬁ::’:fitﬁ?1{3{3}:3:'3 :::EE .‘.‘:‘r‘::';:,'.‘:’:':.‘;r."ﬁ.g:ﬁ.‘:'f,"?.":‘.".‘.‘... - L 8. System prevents patiest from swinging hatting wheelchair or elliptical . .
?l: E'?‘Zf::{'_’:‘igﬁ?‘" r‘"l,i;{,:{"l"z:.':::'l".*:';.':E:“T';&g"];':‘,'y"mf':;:i?;?;{""':‘x"'l::'l':".’"";:';L:".‘?";""'"-'“'.‘?i‘""-'"“""‘ /;};’ e - Y. Prevents unencumbered patsent movement i the vertical directioa during exercise: Patient’s movement is not restricted by the stabtlizabion system Flgure 8 . EXplOded VICW Of
x pragrammable i« .lunv_""n‘"‘ can be changed. o 3 moee complex comtrol rostine addod = oo ftocse e . . ‘ | | 5 . 53 SR ST, L i
o S S e e e i e Figure 5. Exploded view of BWS System the Stabilization System
: » ' I 1. Losing balance left and nght (transverse): Prevents transverse acceleration of 0.068 GG's
. . 22. Control Parameters are programmable
Figure 4. Customer Needs mapping for the BWS System
: ~ : Figure 7. Customer Needs mapping for the Stabilization System
ot e — . - - e Fail Safe Verification & PPINg y
=<g% Ge : " Tvotor > Kep | » Worst Case Weight: 385 Ib
Kerr orst Case Weight: Frame Tioni cve L
= o ipping Stabilization
. * Position in cycle: Bottom Dead Center pping
out  This means that the system must travel up a full 4” range of motion to keep up with the K =174 lbs. = K — 4(K ) = 696 1bs
Fy e patient motion before any additional displacement takes place S, = 59744.5 psi Point A F, Max I, Max F, Max
es . . ° ° .
. .
€rorce  Error between desired and nggch \éelocnty. 511.8 ft/“n:;l(l (10.361:)1:)/sl;c/? good for weights below 429 Ib >
measured force * Spring Constant: eff spring — 1n Point B . . .
« pring
ER rye— Gsensor ; Maximum total spring force 1s 696 lbs. at a
: : F 385l . ' u : : :
Kex ~ Effective Spring Force (4K, y= = W st 1= 2 = 2D TE ) 761sect 5 S maximum deflection of 6.3 inches
o : Ef  100[— 10.36[ = o
ey Error in linear displacement Fi . [in] [sec] = . .
1gure 6. System Block diagram 2
S e e g ysten g . . . . . = The generated spring force 1s well above the
Motor and Legend. This shows how the  This shows that in a perfect control scheme using maximum rated velocity, the , - ht of th ) d 11 bel h
Y Linear Displacement . . . .
- P f system would keep weight offset system can respond to an emergency stop situation in <1 second maximum weig t of the patlent and we elow the
Fout Force Output of System . 7 . . . .
. within +/- 10% of the target Mean Stress S = 2520886 ps magnitude of the tipping length
Gsensor  Gain of Load Cell Sensor

Figure 9. Gerber Diagram for the Stabilizing Springs. This shows that
cyclic loading under operating loads will not cause failure in the springs




