Opto-Mechanics Lab 3 – Centering and Roundness of a Lens

Background: In this lab you will use a number of tools and methods to center a lens and to measure the roundness of the lens.  The first two setups will utilize an air-bearing rotary table.  The next setup will use a 3-ball fixture plate.  Both of these systems will use gauge indicators for displacement measurements.  The final setup will use a PSM suspended over the rotary table and an optical alignment telescope.  
Lens Centering Station
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Rotary Table Setup in the Les Centering Station
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To measure the flatness of the rotary table:
1) Check to see there is air to the table. If so, gently see if it rotates.

2) Attach a tenth indicator to the flexible arm of the magnetic base indicator stand.

3) See that the indicator reads correctly when the tip is pushed upward.

4) Loosen the lock on the flexible arm and move indicator tip to top edge of table

5) With tip slightly above table lock the flexible arm

6) Slowly rotate the table and watch the gap between the tip and table
7) Use a shred of paper to mark the high point

8) Use the leveling screws to make the table top level by eye

9) Lower indicator tip to just touch table and rotate table slowly. Mark high point with the shred of paper.

How should the tip be adjusted to be most sensitive?

10) Continue leveling until table is level to 0.0001” total indicator reading (TIR)

How level is the table now in angle?
Plane Parallel Disk Setup
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To center the plane parallel disk

1) Place a plane parallel disk on the rotary table
2) Center the disk by eye using the groves
3) Put a long travel indicator in the indicator stand
4) Position the indicator tip to point normally to the periphery of the disk
5) Gently move the indicator toward the disk until you get a reading all around
6) Mark the disk with a shred of paper and tap disk to center it to 0.001”
How does the roundness of the disk affect your ability to center?
3-Ball Fixture Plate Setup on the Rotary Table
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The ball fixture has three identical spheres in an equilateral triangle glued to a fiber plastic reinforced (FPR) plate.  As shown in the isometric view, these spheres define a datum plane, which appears as a mechanical axis in the front view.  We can use this to constrain a lens in the (-z) displacement, tip rotation, and tilt rotation as shown. 
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To center a meniscus lens using the 3-ball fixture
a) Indication at #1 will show the 3-ball fixture axis as centered.  This is because each ball is equidistant from the center of curvature.

b) Use indication at #2 to get zero by tapping edge of lens with a plastic (glass and metal don’t mix) screw driver handle or something similar.  X-Y displacement won’t change the location of the center of curvature with respect to the axis.

c) Any deviation at indication #3 has to be a decentering of the lens mechanical axis.

(Actual steps)

1) Place the three ball fixture on the rotary table
2) Set the convex surface of a lens on the balls
3) Adjust a short range indicator to be just below the lower lens surface
4) Tap the three ball fixture to center the gap between lens and tip
Where is the center of curvature of the lens lower surface?
How does the lens lower surface contact the three balls?
How many degrees of freedom does a spherical surface have?
5) Bring the indicator tip up to the lens lower surface 

6) Center by tapping fixture and finally by adjusting centering screws on the table
7) Now bring the indicator above the top surface

8) Tap the lens (using something plastic) to center the upper surface
What happens to the lower surface?

9) When centered by eye bring indicator down on surface 

10) Continue to 0.0001” TIR (Total indicator reading)
Where is the center of curvature of the upper surface?
11) Indicate the periphery of the lens. 
Is the edge concentric with the OA?
How well have you done mechanically


First, use the alignment telescope


Lower the plane mirror so it is the same height as the alignment telescope


Find the reflection off the centers of curvature of both surfaces


Do the bull’s eye reflections move?


Use the PSM to pick up the centers of curvature of both surfaces


Do the spots move?


Can you center the lens better using the adjustment screws on the table?


Only small adjustments should be necessary
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3-Ball and 2-Dowel Pin Setup (aka Centering a lens without a rotary table)
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The ball fixture has three identical spheres in an equilateral triangle glued to a fiber plastic reinforced (FPR) plate and two dowel pins glued near the top edge.  With the addition of the two dowel pins, we are left with only one degree of freedom.  Do you know which one?
1) Place lens of the 3 balls and push it up against the two pins
2) Adjust the test indicator (short travel) so the tip rest against the bottom optical surface

3) Rotate the lens against the pins; the indicator should not move if you are careful

4) Now move the indicator to the edge of the upper surface and rotate the lens against the pins

5) Any motion of the indicator is wedge in the lens.

  EXTRA TEST SETUPS (Don’t know if there will be time for these…)
Convex test plate on the rotary table
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To measure the roundness of a convex/ concave test plate

1) “V” is notation for an indicator measurement.  E.g. #1 shows an indicator measurement from the top surface of the lens.  By definition, this measurement is at the radius of curvature of the lens.

2) Adjust the lens until #1 is zero.

Take the #2 reading; if this is not zero, it means the lens is decentered.  Why?

X- adjustment





Y- adjustment





Tip- adjustment





Tilt- adjustment





Y-axis





X-axis





Z-axis





Yaw rotation





Displacement Indicator





Flexible Cable Lock





Magnetic Mount





Displacement Indicator





X- adjustment





Y- adjustment





Tip- adjustment





Tilt- adjustment





Y-axis





X-axis





Z-axis





Yaw rotation





Flexible Cable Lock





Magnetic Mount





Top View





Front View





Isometric View





R





#2





#3





#1





X- adjustment





Y- adjustment





Tip- adjustment





Tilt- adjustment





Y-axis





X-axis





Z-axis





Yaw rotation





PSM





Vertical stand





Front View





Top View





Isometric View





R





#1





#2








PAGE  
2

[image: image10.bmp][image: image11.bmp]