Feasibility Testing Report – Upper Muscle Attachment
Team: P15001: Active Ankle Foot Orthotic
Engineer: Tyler Leichtenberger – Mechanical Engineer
Engineer: Geni Giannotti – Biomedical Engineer
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Related System: ABBBB: Raise Foot
Related System: AAA: Secure Foot
This upper muscle attachment test was completed to determine the amount of support that needs to be
provided from brace on the lower leg to counteract the reaction force that the McKibbon muscle will
have on the attachment location on the upper end of the muscle, as well as to determine how much the
brace slips and if that will have a significant impact on the comfort or functionality of the brace.
When the McKibbon muscle fills with compressed air, it will provide a force that will be used to raise the
foot when the user is walking. However, there will need to be a reaction force where the air muscle is
tethered to on the upper end of the muscle. This reaction force will work to overcome the force that
the brace provides that holds the brace to the leg. This test looked at the location and magnitude of this
force and the effect it had. It was tested on 2 different types of compression; pure compression from a
neoprene sleeve, used from athletics, and compression provided from both compression and Velcro
straps.
Free Body Diagram of Proposed Design:
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Testing Procedure
The test was first completed on the brace with Velcro straps that Jared has previously used for terrain
sensing. It was later completed in a slightly different manner on the neoprene sleeve, to prove that
straps will be needed to secure the brace to the leg.
First test: Attachment on the very top of the brace

1. Safety pin used as a location for the force to be applied
2. Force sensor used to measure all forces found in the test
3. Maximum force found to overcome compression when pulled straight outward
a. This is not how the muscle works; this was done for comparison to the other location
4. Maximum force found to overcome compression when pulled straight downward, along the
front of the shin
a. This simulates the actual muscle performance; this value would correspond to the
maximum force the muscle could provide without slippage
5. Maximum force was applied 100 times and the distance the brace slipped downward was
measured
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Second test: Attachment approximately 2 inches below the top of the brace

-

Same steps were taken as the first location, getting maximum forces for both pulling straight
outward and downward, as well as the slippage after 100 pulls
Pulling location was the same as the first relative to the foot; the air muscle will likely be
tethered somewhere in this area, so the brace was moved so the safety pin was in a similar
location

Third test: Attachment approximately 2 inches below top of brace with securing strap at top, in addition
to the Velcro straps on the brace.

-

Maximum force found when pulling directly downward, as the McKibbon muscle would on the
AFO
This was to simulate if we are going to need more compression than simply the Velcro straps
that are provided on the brace, and that we might have to have a strap at the top of the brace
for support
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Fourth test: Slippage while walking
1. Brace was applied, without additional securing strap, to lower right leg of user in the location
where the force would be 2 inches below the top of the brace
2. 100 steps were taken with the right leg with brace attached
3. Slippage after 100 steps was measured

Fifth test: Compression sleeve testing
1. Athletic neoprene compression sleeve was applied to the point where it was completely
stretched out over the muscle
2. Force sensor was used to determine the force outward that was needed to create separation
between sleeve and leg
3. Test was completed on both the top of the sleeve, as well as in the middle of the brace like we
did with the brace
4. Force sensor was used to determine the force downward that was needed to create slippage at
the top of the sleeve and at the middle of the sleeve

Results
Part 1:
-

Results showed that the brace was not very strong when force as applied directly to the top of
the brace
Very little force was needed to create separation between the leg and brace when the brace
was pulled directly outward
Even less force was needed directly downward to get a significant amount of slippage
Slippage slightly increased each of the 100 pulls at max force
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Slippage at the top of the brace
after 100 pulls at max force

Slippage at the instant maximum
force is being applied
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Part 2:
-

Results showed the brace withstood forces much better when the forces were not applied
directly to the top of the brace
Twice as much force was needed to create separation between the leg and the brace
4 times as much force was needed downward to create slippage of the brace at the top
After initial pull during 100 pulls at maximum force, slippage was not occurring

Part 3:
-

Results showed that the brace performed much better with an additional strap at the top of the
brace
No slippage had occurred when pulled with 7 pounds of force, when the safety pin attachment
broke

Part 4: Walking Test
-

Results showed that, when placed in position where muscle attachment would be about 2
inches below the top of the brace, that there was no slippage after 100 steps were taken
Brace was in exact same position after 100 steps, even without the additional strap securing the
top of the brace to the leg
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Part 5: Compression sleeve
-

Results showed that less than 1 pound was needed to significantly alter the position of the
compression sleeve.
Around 0.25 lbs. of force created slippage when applied downward at the top of the brace
Around 0.5 lbs. of force created slippage when applied downward in the middle of the brace
Rolling was created on the compression sleeve when max force was applied
This test was done to prove that some type of strap was going to be needed

Rolling effect created on
compression sleeve when max force
was applied downward
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Conclusions
This test tells us that, in order to counteract the reaction force that will be applied to the brace by the
McKibbon muscle, some sort of securing strap will be needed, along with a securing strap likely at the
top of the brace. Pure compression from the neoprene sleeve was not enough force to counteract the
muscle; it was very easy to pull the sleeve away from the leg. Some sort of Velcro strap will be needed
to secure the brace to the leg to support the McKibbon muscle function. However, when an additional
strap was added to the top of the brace for support, the brace was much stronger and did not slip when
7 pounds of force was pulled downward. We believe that, to ensure the best functionality of the device,
that some sort of Velcro straps will be needed to secure the brace to the leg, and a strap around the top
of the brace to prevent slippage will likely be needed to fully counteract the reaction force from the air
muscle.
What we learned from this test:
a.) The team now has an understanding of the necessary supplies and components which
ultimately affects the BOM.
b.) The team learned that pure compression from a neoprene sleeve will not be sufficient to
support the function of the air muscle.
c.) The team learned that the muscle will need to be tethered at least 2 inches below the top of
the brace, as the top of the brace did not withstand strong pressures.
d.) The team learned that adding an additional secure strap at the top of the brace increased the
maximum amount of force it took to create slippage at the top of the brace significantly.
e.) The team learned that the existing brace does not slip significantly during a normal walking
routine.

Next Steps
The next steps with this test are to perform a similar test when our final air muscle design is chosen.
Once we know what air muscle size we will be using, along with what air pressure we are going to use,
we will be able to iterate this test again to ensure what type of support we are going to need for our
final design. We will not need to test the compression sleeve again; however, both types of attachment,
with and without the upper strap, can be tested to determine what we are going to need for support.
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