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This paper will review tolerancing schemes for spfaé radii, including the historical origins. flhishes
with recommendations for specifying tolerancessfanerical radii.

POWER TOLERANCE VERSUS RADIUS TOLERANCE

There are two main paths for tolerancing spherdii: power tolerance and linear radius toleranBeth
measure change relative to a nominal value, butisteology used is the key difference.

Power Tolerance:Controls radius through increments of sag chaatgive to a test plate of known
radius. The sag difference between the known saalid the surface under test is measured, fromhwhic
the radius of the surface can be calculated.

Linear Radius Tolerance: Controls radius in linear units relative to themoal. Radius is measured
directly using an interferometer equipped with @igte measurement capability.

Either path controls variance in radius and isisigfiit on its own.

Traditional Method - Test Plate

Before lasers, the workhorse tool for form measemgnof spherical and flat optical surfaces wastés
plat¢. Bringing the test plate and the surface undsr io close contact formed interference fringes
known as Newton Rings. While spherometers coulduged in radius measurement a test plate based
measurement was more useful. The quantity andeafuthese rings indicated the form accuracy ef th
surface under test relative to the test plate. il®adnd irregularity (deviation from perfectly spical)
were qualitatively measured using the test platel, what was seen using a test plate was a combined
power and irregularity. Radius error was deterhiae round interference fringes of spherical powad

the number of fringes permitted was known as power.

With test plate based metrology the traditionallrodtchose power in proportion to allowable irregtya
Since test plating was the only available optiannfi@asuring radius and irregularity, and since powe
masks irregularity; tolerancing power with respect to irregularitysweecessary. Keeping power smaller
did not lead to a smaller irregularity, but it didhance the optician’s ability to evaluate irregtya To
guarantee irregularity detection the power tolegafelx specified irregularity) may have been kepaker
than required for the desired optical performance.

Current Methods — Interferometric Testing

With interferometry, power is separate from irregity, and the traditional power-irregularity retatships
need not be keptinterferometers are found in most shops, ofteated directly in the manufacturing area.
Test benches with synchronized wavefront mappingdistance measuring interferometers (DMIs)
provide independent measurements of irregularityradius. In addition, modern optical design sofawva
makes modeling each tolerance’s contribution pdssiti/here test plate-based tolerancing would recgaii
power tolerance of 2 to 3 fringes to detect a Hgkiirregularity tolerance, with interferometry iicould
be specified to the limits a tolerance analysissshmdependent of allowable irregularity.

RADIUS TOLERANCING RECOMMENDATIONS
A power tolerance or a linear radius toleranceufficdent on its own, and choosing one over thesoib

driven by metrology to be used. With interferorgegts the metrology tool, radius can be toleranced
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independent of irregularity, but when test platiadius needs to be toleranced in proportion tairarity.

Power tolerances can become very challenging spatiins for the optician as the f/# (radius/aperwf
the surface gets smaller. For example, meetinfriage power tolerance on an f/7 surface is mudieza
than 3 fringes on an /0.7 surface. The table bedommarizes this phenomenon.

Radius Deviation (mm) as a Function of f/# and Power

SR IR N O e

Power at HeNe /0.75 f/1 fl2 fl4 f/8 /16

A =0.6328um

1 Fringe | 0.0009 0.0020 0.0096 0.0400 0.1615 0.6475
3 Fringe | 0.0028 0.0061 0.0289 0.1201 0.4846 1.9425
5 Fringe | 0.0046 0.0102 0.0482 0.2001 0.8076 3.2376

OPTICIAN’S PERSPECTIVE: GENERAL MANUFACTURING TOLER ANCES

Commercial Tolerance
Radius tolerance0.2%OR +5 fringes power from a test plate, whichever isiegjently large?

Precision Tolerance
Radius tolerance0.1%OR +3 fringes power from a test plate, whichever isiegjently largef

Manufacturing Limit
Radius tolerance0.0025mmOR +1 fringe power from a test plate, whichever is gglently larget

RADIUS TOLERANCING SUMMARY

- Radius can be toleranced using fringes of power ORtated as a linear radius tolerance
- In the end specifying only one is sufficient, amé@an be converted into the other
- If both are specified an explanation must be predidy the customer or sought by the manufacturer
- Power is still useful when tolerancing plano suefabecause a radius tolerance there is meaningless

« Radius tolerancing has traditionally stemmed from he metrology to be used
- Interferometry has broken the connection betweemep@nd irregularity and the modeled radius
tolerance may be applied in full independent afgrdarity specified.

« Know the metrology to be used and match the toleraring scheme to it
- If metrology to be used is test plating, fit thesid@ to the manufacturer’s test plates and reopémi
Fringes of power relative to the fitted test platdii would be the units of choice for toleranceehe
- For interferometric radius measurement, updatedémgn model with actual measured radii and
reoptimize lens spacing. Linear units of radidatiee to the nominal radius would be the units of
choice for tolerance here.

' H.H. Karow, Fabrication methods for precision optics, Ch 6.1, John Wiley & Sons, New York City, 1993

T W.J. SmithModern Lens Design, Pg 574, McGraw Hill, New York City, 2005

* R.E. Fischer, B. Tadic-Galeb, P. Yodéptical System Design, Pg 495, McGraw Hill, New York City, 2008

* The radius tolerance will come up first for sm## fenses (< /1) and the power tolerance is tegintion for higher
fi# lenses (> /10).
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