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Abstract/Introduction:

Most people will develop back problems at some point in their life and some will develop knee problems. 

“Lift Assist” is a device geared towards avoiding those problems from developing in the first place and 

preventing damage to the body. This is done by creating a lifting mechanism, in the design of a scissor lift, 

using a threaded rod and stepper motor to drive it up and down. This lifting mechanism allows a platform 

to be raised to a desired height that is ideal for the user. The current prototype can achieve a lift of 1 foot 7 

inches from its’ initial position which is about 1 foot 4 inches off the ground, a total of about 3 feet off the 

ground. In the future this design can be modified to reach a much higher height. The raising platform 

eliminates the need for the user to bend over. The platform can then be lowered and the cart can be rolled 

to a desired location ready to be unloaded. Using this system prevents a situation where someone picks up 

and carries a load, possibly damaging their back or knees.

Methods/Materials:

Figure A is a basic schematic of our system and Figure B is a picture of the electronics of our system . The 

main components of the prototype are powered by a 12.0 V – 18 Ah battery and the Arduino is powered by 

a 9.0 V battery pack. A power switch is wired to the battery and located on the User Interface (Figure C).

The Arduino sends the current battery level to the LCD which is determined using a voltage divider circuit 

(Figure D) so the Arduino can read a voltage and then having the code scale it back up to the real voltage, 

it is then plugged into a formula based on the battery’s percentage to voltage chart. This outputs a 

percentage which is then displayed. The weight selection is a rocker switch which can be set to a load of 1-

2 kg, 3 kg or 4-5 kg. This is the weight of the item(s) on the platform and tells the code how fast the lift 

should go to get more or less torque/force out of the motor. This weight setting is also displayed on the 

LCD for confirmation. Direction is controlled by a three-position switch which tells the code whether the 

motor should turn one way and raise the platform, the other way and lower it or stop in place. We 

incorporated a dynamic braking system for when the switch is in the stop position, keeping the motor 

powered with no direction so we can make use of its’ holding torque. The stepper driver is powered by the 

battery and takes instructions from our code that is based on the positions of the switches and sends 

directions to the stepper motor. Our stepper motor is coupled to a 500 mm, 16 mm diameter threaded ball 

screw rod with a 5 mm lead. On this rod is a lead nut with is attached to our drive bar, shown on the right 

side of Figure E, this is the system that raises and lowers the platform. When the motor rotates one way or 

the other the drive bar goes in the corresponding direction along the threaded rod. Attached to drive bar is a 

scissor lift type of design (Figure F) constructed of 6061 Aluminum bar stock. Each link of the lift is 16 

inch long, 1 inch wide and 0.5 inch thick. The links are held together using 0.25 in threaded rod, nuts and 

spring washers to keep things tight but allow some spring in between the links and nuts. The links rotate 

around brass bushings and threaded aluminum spacers so that the bushings don’t rub on the threads. The 

bottom left side of the lowest link in Figure F is pinned to the frame so it can rotate but not move 

otherwise, the same is said at the top right for the lift being pinned to the platform so the platform is stable. 

The other corners have skate wheels attached to them to that the platform can roll along it on top and the 

drive bar below can have some support as well as stay aligned. The whole frame is mounted on top of a 

push cart that has two fixed wheels and two swivel wheels, this allows for mobility in transport of the load 

from one location to the next.

Safety/Extras:

• Limit switches installed on each end of the threaded rod’s path so that if pressed, it would stop the 

system and only allow it to go the opposite direction to prevent damage to the system or injury

• Stops/supports were placed at the lift’s lowest position to stabilize the lift as well as not allow it to go 

lower

• The platform lifts open to the right to allow for maintenance of the rod and other hard to reach areas

• A computer fan is cooling the electronics to stop from overheating

• If the battery ever reaches 11.66 volts when in use, the code will stop the lift and display on the LCD to 

shut down the system and charge the battery. This is done to preserve the life of the battery and prevent 

a full discharge. The LCD will also display the same message when the battery level drops below 30% 

for the same reasons whether the lift is in use or not.
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Results: 

• Figure G shows a graphical representation of the battery’s voltage vs. percentage. This was done using MATLAB to plot the points and use its’ curve 

fitting tool (cftool) to find the equation of a curve that fits this best. The closest match was a 3-term Gaussian equation which we used in our code 

when converting the batteries voltage to percentage. 

• Testing of the battery and system performance was done to see how efficient the prototype is. Tests were taken from a full charge of 13.0 V down to 

a safe cutoff voltage of 11.66 V (30%)

• A full cycle is a full extension up (Figure H) and a full close down (Figure I)

• With a light load of 1-2 kg a full cycle takes about 31 seconds. The battery lasts 6 hours and 40 minutes at about 775 cycles nonstop

• With a heavy load of 4-5 kg a full cycle takes about 2 minutes 30 seconds. The battery lasts 4 hours and 10 minutes at about 100 cycles nonstop

Conclusion:

• The system is most efficient, lasting the longest and doing the most amount of cycles at its’ lightest load setting

• The system is most practical at its’ highest load setting and can still do 100 cycles on a single battery charge

• The real system would be modified to carry more weight which would make it very useful in a variety of situations

• https://youtu.be/JpfVBxAXsug for a general visual presentation and demo
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