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There are two main types of errors that | anticipate encountering In this mechanism: positioning errors (from the non-perfectness of the screw actuator), and twisting errors
of the screw actuator).

(from the torque ind
The two big positioni

d by ther i
errors | am

d with are:

1. Gravity-induced "sag" Abbe errors in the z-axis from small dimensional differences In the mating threads (at each stage)
2. Backlash or "slop" errors in the x-axis from small dimensional differences in the mating threads (at each stage)

The big twisting error t am worried about is:

1. Roll errors about the x-axis if the screw torque overcomes the rotational/!

Number of Sag Joints
Male-Female Diameter Difference
Effective Diameter Difference (screw approx.)

0.002 in

0.0508 mm

Sag Per Stage {worst case - shaft approx.)
Sag Angle {worst case - shaft approx.)
TotalSag pworst-case~shafi-appron)

Sag Per Stage (screw approx.)
Sag Angle (screw approx.)
Total $ag-{screw-appron}

Bending Errors {negative z-axis
Tube OD

Tube ID

Wall Thickness

Moment of inertia

Length

Force Applied

0.55 in 13.97 mm

331in 83.82 mm
10N

Joint Angle (radians)
Fixture 0
Biggest Stage 0
Next Smallest (

Next Biggest
Smallest Stage

Yoo N U R WN

This is the smallest segment, 50 the worst case for bending
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Elastic Modulus (6061 Aluminum)
Mass density (6061 Aluminum)
Stiffness (k) (6061 Aluminum)
Deflection (8} {6061 Al )
Mass (6061 Aluminum)

F y (6061 Aluminum)

68300 N/mmA2
2.7€-06 kg/mm"3

no

Shaft Approximation

%

[¢]
33

Az

0.05

0.25

0

0

torsional stiffness of the shell (Concept #1) or is mismatched to torque produced by the opposite screw actuator (Concept #2)

Screw Approximation

Angle {radians) Ax
0

33 o 0

Shaf

pproximation

Screw Approximation

X-axis Extension {inches)

So, compared to the sag errors, the bending errors are insignificant

Elastic Modulus {304 Stainless Steel)
Mass density (304 Stainless Steel)
Stiffness (k) (304 Stainless Steel)
Deflection (§) (304 Stainless Steel)
Mass {304 Stainless Steel)

F (304 Stainless Steel)

200000 N/mmA2
8E-06 kg/mmA3

So, compared to the sag errors, the bending errors are Insignificant
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Slop Errors (t x-axis)

Number of Sag Joints
Male-Female Diameter Difference
Max Possible Slop Per Joint
Maximum Total Slop

Shell Twist Errors (roll about x-axis

Motor Pull-InfOut Torque
Max Possible Shell Diameter
Force Felt by Shell At Edge
Shell Stage Length

Shell Stage Wall Thickness
Shell inner Diameter

Polar Moment of Inertia {J)

0.002 in

25 in

0.025 in

0.0508 mm

0.3 Nm
0.0635 m

Modulus of Rigidity (G) (6061 Aluminum)
Rotation Angle Per Stage (6061 Aluminumy)

Total Rotation {6061 Aluminum)

2.4E+10 N/m”2

Modulus of Rigidity (G) {304 Stainless Steel)
Ratation Angle Per Stage (304 Stainless Steel)

Total Rotation (304 Stainless Steel)

7.8E+10 N/mA2

Stage Connection Key Slop
Rotation From Each Key Slop
Total Key Slop Rotation

0.000127 m

Total Rotation Of Shell (6061 Aluminum)

Total Rotation Of Shell (304 Stainless Steel)

mx.\,ﬁa( ¥ Citeo ;

these are guesses from <http://reprap.org/wiki/Stepper_torque> and <http://www.pbclinear.com/Downioad/DataSheet/Stepper-|
this is set by the standard dimensions of a CF4.5" flange

this is probably thinner than would be used, but it gives conservative numbers

If we imagine the keying between each stage of the shell to be a simple protusion and recess system,
there will be some rotational glop from that keying, primarily from dimensional differences in the fabrication
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