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Adjustments and flexures 
Optical instruments and systems often require the ability to make small mechanical adjustments. 
 
The design must be carefully considered to  

• Provide resolution for the adjustment in the desired degree of freedom 
• Fully constrain all other degrees of freedom  

 
Other important considerations 

• Total range of adjustment 
o Sometimes, you require both coarse and fine adjustments  

• How often the adjustment must be made 
• Required stability for all degrees of freedom  
• Required stiffness (from static or dynamic requirement) 

 
Constraints 

• All degrees of freedom must be constrained 
• As one degree of freedom is moving, the others must remain constrained 

o Kinematics (balls on hard plane, V, or cone) 
o Pivot (suffers from friction) 
o Flexures 

 No friction 
 Limited range 
 Use geometry, materials to provide compliance in adjustment DoF, and stiffness 

in others 
 
Classes of adjustments 

• Shims and spacers 
o Most stable 
o Used for one-time adjustment 
o Need to have a good way to determine the necessary spacer thickness 
o Details of the hardware are critical (follow the load path) 

• Push-pull screws 
o Not as stable as shims(can add locking jam nuts.) 
o Resolution limited by thread pitch, friction 
o For one time adjustments, use potting epoxy to make it permanent 

• Push against a spring load 
o Can be kinematic 
o Most common for small tilt stages for fold mirrors 
o Details of point loads must be considered 
o Preload must not be exceeded in dynamic environment 
o For one time adjustments, use potting epoxy to make it permanent 
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Shims and Shim Stock 
1420 products match your selections  

Shim Type 

 
Standard 

Specially designed precision washers that 
align, level and adjust parts in a wide 
variety of applications. 

 
Shortening Shims for Shoulder Screws 

These shims fit the shoulder diameter to 
shorten screw length. 

 
Lengthening Shims for Shoulder Screws 

These tight-fitting shims thread onto the 
screw to extend shoulder length. 

 
Shaft 

Also known as inner-race shaft spacers or 
washers, they fit snug to shafts and are 
used for spacing between bearings and 
gears. 

 
Bearing 

These shims are also called outer rim 
spacers or washers and are designed for 
spacing between motors and bearings. 

 
Die Punch Shims 

Place these shims under resharpened dies 
to restore their original height and extend 
the life of the dies. 

 
Laminated Peel-Away 

Custom fit the shim right on your job site. 
Just peel off the extraordinarily thin 
laminated layers to get the thickness you 
need. 

 
Slotted 

All have an extra-wide bearing surface. 

 
Color-Coded Shims with Holes 

Designed for use with housings and cases 
for bearings, gears, and pumps, these 
shims adjust clearance on rotating 
equipment. Holes allow you to fasten the 
shim to a housing or flange. 

 

 
Leveling wedges 
 

http://www.mcmaster.com/param/asp/psearch.asp?FAM=shim&FT_158=24426&FT_324=9354&session=desc=Shims;shim;158=24426;324=9354
http://www.mcmaster.com/param/asp/psearch.asp?FAM=shim&FT_158=24426&FT_324=9354&session=desc=Shims;shim;158=24426;324=9354
http://www.mcmaster.com/param/asp/psearch.asp?FAM=shim&FT_158=24426&FT_324=24432&session=desc=Shims;shim;158=24426;324=24432
http://www.mcmaster.com/param/asp/psearch.asp?FAM=shim&FT_158=24426&FT_324=24432&session=desc=Shims;shim;158=24426;324=24432
http://www.mcmaster.com/param/asp/psearch.asp?FAM=shim&FT_158=24426&FT_324=24433&session=desc=Shims;shim;158=24426;324=24433
http://www.mcmaster.com/param/asp/psearch.asp?FAM=shim&FT_158=24426&FT_324=24433&session=desc=Shims;shim;158=24426;324=24433
http://www.mcmaster.com/param/asp/psearch.asp?FAM=shim&FT_158=24426&FT_324=172464&session=desc=Shims;shim;158=24426;324=172464
http://www.mcmaster.com/param/asp/psearch.asp?FAM=shim&FT_158=24426&FT_324=172464&session=desc=Shims;shim;158=24426;324=172464
http://www.mcmaster.com/param/asp/psearch.asp?FAM=shim&FT_158=24426&FT_324=172465&session=desc=Shims;shim;158=24426;324=172465
http://www.mcmaster.com/param/asp/psearch.asp?FAM=shim&FT_158=24426&FT_324=172465&session=desc=Shims;shim;158=24426;324=172465
http://www.mcmaster.com/param/asp/psearch.asp?FAM=shim&FT_158=24426&FT_324=79056&session=desc=Shims;shim;158=24426;324=79056
http://www.mcmaster.com/param/asp/psearch.asp?FAM=shim&FT_158=24426&FT_324=79056&session=desc=Shims;shim;158=24426;324=79056
http://www.mcmaster.com/param/asp/psearch.asp?FAM=shim&FT_158=24426&FT_324=172618&session=desc=Shims;shim;158=24426;324=172618
http://www.mcmaster.com/param/asp/psearch.asp?FAM=shim&FT_158=24426&FT_324=172618&session=desc=Shims;shim;158=24426;324=172618
http://www.mcmaster.com/param/asp/psearch.asp?FAM=shim&FT_158=24426&FT_324=172421&session=desc=Shims;shim;158=24426;324=172421
http://www.mcmaster.com/param/asp/psearch.asp?FAM=shim&FT_158=24426&FT_324=172421&session=desc=Shims;shim;158=24426;324=172421
http://www.mcmaster.com/param/asp/psearch.asp?FAM=shim&FT_158=24426&FT_324=172482&session=desc=Shims;shim;158=24426;324=172482
http://www.mcmaster.com/param/asp/psearch.asp?FAM=shim&FT_158=24426&FT_324=172482&session=desc=Shims;shim;158=24426;324=172482
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Push-pull screws 
• Provide large range of motion 
• Can achieve fine resolution 

Limited by thread pitch, interface details 
• Self locking – jam nuts or epoxy 
• Can causes stress, distortion 
 
Danger 
This provides only 1 degree of freedom controlled  
constraint. 
It weakly constrains the lateral dimensions 
 
 

 
 
Quality of adjustment with screws 
Thread pitch: 80 pitch screw (0.3 mm/thread) gives about 1 µm resolution IF 

- quality of threads is good 
- preload is appropriate (< 5 lb) 
- end is screw is well defined (ideal is a ball) 
- surface being pushed on is hard and flat 

 
 
 
 
 
Resolution scales approximately with thread spacing 
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Micposi 
http://www.harbingerengineering.com/ 
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Differential screw 

 
 

 
Newport product: 

DM-13 Series Differential Micrometer 
 

 

 13 mm coarse travel with 0.07 µm sensitivity  

 Graduated increments of 0.5 µm  

 Accuracy better than 1%  

 Direct upgrade for SM Series Micrometers 

 

 

Focus adjustment using differential threads 

Centration, rotation of A wrt 
B must be constrained 

One revolution advances the 
screw 1/16 of an inch 

One revolution advances the screw 1/18 of an 
inch with respect to the traveling piece 

Net motion per rotation is 
1/16 – 1/18 = 0.007” or 1/144 
 
     

     

http://www.newport.com/DM-13-Series-Differential-Micrometer/144595/1033/catalog.aspx##
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Kinematic tip/tilt mounts 

 

 

http://en.wikipedia.org/wiki/Image:Mirrormount1.jpg
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Elastic limit for σmax is yield stress. 
 
L/t is the aspect ratio(ratio of length to thickness of the flexure) 
 
Total angular change for blade flexure simply  
 
 
An aluminum flexure with aspect 10:1 allows rotation of 2*3.85E-3*10 = 0.077 radians or 4.4°. 
The same geometry using titanium allows 8.3° 
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Flexure stages 
Tilt stage 

 
Translation stage 

(Thor Labs)       (PI 
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Special Issues with flexures 

 
 
 
Adding complexity to improve performance 
 

 
 

(from James Wu 2007)
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Applications of flexures in optical systems 
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 Flexure Analysis 

• Stiffness 
– Axial stiffness:     384K lb/in 
– Bending stiffness (x-dir):  139 lb/in 
– Bending stiffness (z-dir):   58 lb/in 
– Torsional compliance:   809 in-lb/rad 
 

• Force & moment analysis 
– 0.010” displacement of rod end 

• Shear force:  1.39 lb  
• Moment:  3.1 in-lb  

– 1 deg. displacement of rod end 
• My:   8.83 in- lb 
• Mz:   7.42 in-lb 

– 0.01 radian torsion 
• 8.1 in-lb moment 
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Use mechanical advantage to get finer resolution 

 
 

 

10 µm here 
0.001 µm here 


