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What are Bionic Fingers?

e Mechanically
engineered prostheses
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Fully articulated
joints

Sensors in socket pick up myoelectric
signals from arm muscles to make
full range of movements




| Why Model Finger' Motion?

e Determine forces
needed to create
required movement




How the“Finger Works?

e Tendons

e Action
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Modeling Approach

e 1: radius of joint

* 0: angle between
horizontal and center
of phalanx

e L: length of phalanx

e M: center of mass

e T (0): tension force
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Equations
Force

First Phalanx

sin(aq) (T —Thig) — sin(fy — 01)(cos(as)(Th1 + The ) + cos(ag)cos(03 — O) (T31 + T39))

sin(az) (T — Tha) — sin(b3 — Oy )cos(az)(T31 + T32)

Third Phalanx

sin(agz))(T31 — T32)
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Equations cont.
Acceleration

First Phalanx

iy = 71(01) L1604

S&cond Phalanx
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Equations cont.
F=ma

First phalanx

miL107 = sin(aq)(T11—T12)—sin(0a—01)(cos(as )Ty +To9)+cos(ag)cos(03—05)(T31+T39))

."\..._m

Sdcond Phalanx
2L1cos(0y—0 )0 +2Lsin(By—0; )(0) )"+ Laby = sin(ag)(Ty;—Tog)—(cos(ag) (T34 159 )sin(f3—ty) )

'[ ird Phalanx

. £ = Ir P S
mgl\ug - 73(03)
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Solving

e Newton's Third Law of Motion
" Mathematica

» Numerical Differential Equations
~~w/ 1itial conditions

Change of theta 1n time
Trail and Error

¥ Time Simulations




Finger in Three parts

i - 3 phalanx
. - 2" phalanx

* Green- 1% phalanx




Finger motion due to time
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First attempt at Finger Bending




Finger Gone Wrong

It's Broken!!!
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Change of Inputs for Better bend

 Green- 3" phalanx
- 2™ phalanx

- 1* phalanx




Better Ben
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What Chaﬁged?

e The length of the
L phalanges.

m2=.9; «  m2=.9;

m3=.3;

 From made up to more
Jaopiso;  realistic numbers.

a2=Pi/4.0;

a3=Pi/4.0




Trial and Error

e Adjust forces as needed

e Acquire best results




A Feedijack MéchaniSm

e Adjust forces until
something goes wrong.

e Take position from a
specific time.

e Use those positions as
an 1nitial condition.

* Repeat until best result ™—
1s acquired. |




Thumb Incorporation

e Alter previous
equations

* Change the angles to
get a the thumb 1n the
opposite direction.
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Finger Thumb Touc




Conclusion

* Our model successfully calculates the movements
due to forces on the phalanges.

‘» One benefit of our approach was that it is simpler.

*»“This project can be extended by finding a way to
move the finger and thumb 1n space at any time.

Also by picking a point in space and moving the
finger to that point at a given time.
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