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Abstract: An innovative body weight support system was designed to aid a patient in recovering from 

impaired leg movement. This primarily ceiling-mounted system lifts the patient from a wheelchair and 

suspends them above an elliptical. The winch-like support system is guided along steel rails that mount to 

any ceiling’s structural beams. Track rollers smoothly translate the patient along the rails. The Easy-Weight 

Elliptical Exercise (EEE) system is comprised of a single electrical motor coupled with a gear train that turns 

a shaft which spools a steel rope offsetting the patient’s weight by a specified amount. The user-friendly 

remote interface makes therapy programming fast and easy. The EEE system includes a reliable backup 

failsafe system that is just slack enough to catch the patient mid-air in the case of any electrical failures. A 

lightweight aluminum suspension and an ergonomic nylon harness makes a previously burdensome therapy 

process less tiresome. The user will be mounted onto an elliptical trainer equipped with boots that use 

functional electrical stimulation to rehabilitate the mind-to-muscle connections that the patient is lacking. 

Fail-Safe: A secondary rope attaches 

to the suspension frame from an eyelet 

on the top plate which holds the motor 

up. The secondary rope is configured to 

be taut at the lowest point of the 

exercise cycle. 

Interface: The user adjusts different 

system parameters through an intuitive 

remote. The remote translates along 

with the user, so it is always within 

arms reach. Fig. 2 shows an exploded 

view of the interface. 

Harness: A modified OTS climbing 

harness is used to secure the user into 

the system. Ropes from the suspension 

frame attach to the harness in three 

locations.   

Offset System: A variable speed 

motor coupled with a gear train makes 

it possible to offset a desired value of 

the users weight during assisted 

elliptical exercise. The offset system is 

capable of lifting up to 1,050 lbs and 

operating at a max linear lift speed of 

10 in/s. A dual spool is used to supply 

two cables to attach to the suspension 

frame as shown in Fig. 3. 

Cost Overview 
 OTS Parts:       $3080.76 

 Raw Materials:     $909.78 

 Manufacturing:      $88.85 

 Energy:        $18.74 

 Assembly Labor:    $141.89 

Total Cost:                    $4240.02 

Offset Speed and Torque Analyses 

  Target linear lift speed: 10 in/s 

  Target rotational lift speed: 4.255 rev/s 

  Motor rotational speed: 1 rev/s 

   Gear ratio: 
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  Motor gear pitch diameter, d1 : 17 in 

  Spool gear pitch diameter, d2 : 4 in 
 

   Factor of Safety: 
 

 FoS =
Torque of Motor

Torque of Load
=

44.47 Nm

16.91 Nm
= 2.63 

Figure 2. Exploded view of the 

Interface remote  

Figure 3. Exploded view of the Offset System 

Figure 1. Exploded view of the Frame System  

Frame: The foundational 

concept of the EEE is a 

ceiling mounted rail system 

with rollers that translate the 

vertical lift system as shown 

in Fig. 1. Solenoid actuated 

spring locking pins fit into a 

series of holes along the rails 

to anchor the system in 

place.  

Suspension System: Two cables 

from the offset system and an 

additional rope from the fail-

safe attach to a frame made of 

square tubing as shown in Fig. 4. The 

suspension frame is the structure 

which the three ropes that go to the 

harness clip into.   
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Figure 5. A full system view of the Easy-Weight Elliptical Exercise  

Table 1: Mapping customer needs to design features 

Figure 4. View of the Suspension System 


