Optical Engineering 421/521 — Fall 2016
Midterm 2
November 18, 2016

1) Flexure stage design and analysis (25)

75 minutes, closed book, closed notes, calculators will be provided.

Sketch a design that uses two blade flexures to allow a small linear translation in the z direction, yet
constrains all other degrees of freedom. On your sketch, define the x, y, and z axes and provide all
important dimensions of the flexures. Use auxiliary views as necessary.
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Provide the equations that would be used to determine ky and ki, the stiffness of the mechanism against
forces in each of the two directions perpendicular to the motion allowed by the flexures.
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2) Flexure materials (15)

a) List a material that is commonly used for flexures.
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b) From first principles, derive the relationship that relates the elastic range of bending a blade flexure - -
to the geometry (Length, width, thickness) and material properties (yield strength, Young’s
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3) Heat flux and thermal expansion (25)

Consider a 10 cm long, 1 x 1 cm square cross section rod made of invar 36, heated from the end with 1
Watt of thermal power. (A= 14 W/m-K for invar36) w
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a) Define z=0 at the cantilever interface, which is always maintained at 20 C. Provide a plot that
shows the temperature profile from z =0 to z= 10 cm as the rod conducts 1 Watt of power steady

state. .
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b) Determine the stress in the rod due to the thermal gradient.
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¢) Determine the shift of point B at the end of the rocllodue to this thermal gradient. _
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d) If arigid constraint is added so that point B cannot move as the thermal gradient is applied,

determine the reaction force at A. . - ;
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e) Determine the maximum stress in the rod for the case above with the overconstrained rod and the

applied thermal gradient. (_(( D N
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4) Stages (5)

In the design of linear stages, we strive to minimize the Abbe offset error. Make a sketch
that defines the Abbe offset and show quantitatively how it can affect performance of a linear
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5) Change in focus with temperature (10)

Consider a 100 mm focal length lens made from BK7 and support tube made from aluminum. The
aperture is 25 mm.
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For 20°C temperature change, determine the change in focus in mm.
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6) Vibrations (20)
A 100 Ib weight hangs at the end of a 100 inch long, 0.2 in diameter steel cable /4 - @ & Z / h

a) Determine the natural resonant frequency of the mass in the vertical, “bounce” mode
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b) Assume a Q of 50 for this mode. Plot the transmissibility, defined as ratio of mass motion to base
motion. Label your plot and give units. Show the correct behavior at low frequencies, at
resonance, and at high frequencies
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T-W / d) Determine the resonant frequency of the mass in the lateral, “swing” mode.
oS (Hint, you can find the effective stiffness by either solving for the force required to displace the
=W mass laterally or by using energy methods). —~ (
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