Off Grid Pump

Smokey Mountain Conservatory

PROBLEM STATEMENT

Current everyday pumps limit the user to one
form of power, typically hand, gas, or electric.
Many modern pumps flood themselves in order
to move liquids, which results in cross
contamination.

This is a continuation of a prior capstone teams
work

A peristaltic pump that can be hand cranked or
driven with a power drill could provide value to
farmers and or everyday house holds. Pumping
gas up to tractors, draining toilets, moving oil ect.
could all be done with one pump without cross
contamination.

REQUIREMENTS
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CONCEPTS

Single Lever
Mechanism

Final Concept
Prototype

1 Pump 2 gallons per minute
2 Lessthan 25 Ibs

3 Can be run on a power drill and by hand

Includes a counter for the volume of water
pumped

5 The hose should be easily replaceable

Pedal Crank
Mechanism

FINAL DESIGN, APPROACH, PLAN

* A 1:3 rotation gear ratio on the hand crank was
deemed the most comfortable based on the
prior team’s video testing

* Acrlyic was chosen for demonstration purposes
and to facilitate trouble shooting

» Latches were used so the bottom of the pump
can quickly be removed for hose replacements

* Shims were made so the user can quickly
change the level of compression to achieve
max volume flow

 To measure volume pumped a 10:1 gear train is
fixed from the main steel shaft to a
mechanical linkage to pull the arm on the
counter

Miniature mechanisms were tested before a final
design was chosen. Bearing, tear-out, and fatigue
calculations were completed on all acrylic and
steel parts. The weakest part in the assembly is
the steel rods that the rollers sit on, with a factor of
safety against fatigue of 1.5, assuming the max
speed of a power drill is ~ 2,000 RPM. CAD
models are shown below.

RESULTS

The team developed a working pump and met all
stated requirements.

* Novice users were able to remove/replace
hosing in under 1 minute

 The pump moved 2.4 GPM

 The pump survived being driven by a power
drill for several minutes

 The sponsor for this project was happy with the
results and has gained valuable insights for the
development of their idea.

Volume Flow Calculations

Inner Diameter MINIMUM Rads/minute RPM
0.375 836.60 133.15
0.5 470.59 74.90
0.63 301.18 47.93
0.75 209.15 33.29
0.875 153.66 24.46
1 117.65 18.72
1.0625 104.21 16.59
1.25 75.29 11.98

Rotations Per Second Seconds per roation

2.21915908 0.450621143
1.248276982 0.801104253
0.798897265 1.251725356

0.55478977 1.80248457
0.407600647 2.453381776
0.312069246 3.204417013
0.276435041 3.617486354
0.199724317 2.006901583

The table above provides the minimum RPM
required to move 2 GPM through varying hose
sizes, assuming ideal conditions.

Previous Pump

10 Gallons/minute

e <50 Ibs

« Hand cranked

* Not self priming

 Fixed hose
compression

* |naccessible hose

« 2.4 Gallons/minute

12 Ibs

 Hand crank &
Power drill option

« Self priming

« Easily replaceable
hose

* Adjustable hose
Compression
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SUMMARY AND CONCLUSIONS

All stated goals for this project were achieved. A
working prototype has been delivered to the

sponsor for testing. This prototype will drive the
next wave of requirements and testing to further

develop the idea of a hand cranked/powerdrill

driven peristaltic pump for home/farm use.

FUTURE WORK

All current requirements were met, however there
are optimization and quality of life upgrades that
could be made to improve the usability of the

pump.

Prevent the hose/tubing from moving during
operation

Make the gears out of a stronger/permanent
material

Minimize the number of screws and improve
serviceabillity

Optimize the number of rollers for volume flow

Find an alternative to the set screw on the
handle. Aluminum threads wear down too fast in
this application.

Add a handle for ease of transportation.
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