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Specifying, Measuring and Meeting L ens Centration

Brandon Light
Optimax Systems, 6367 Dean Parkway, Ontario, NY USA

This paper defines in detail the parameters usexpétifying centration of a lens and techniquesl use
check location of and position the optical axisxamples are given of how design specifications are
interpreted on the shop floor.

PARAMETERSTO SPECIFY CENTRATION OF A LENS

Contained in any spherical lens, there are two anynaxes of interest when talking about centratidhe
optical axis is the axis passing through the twatexes of curvature of the optical surfaces. Thehmaeaical
axis passes through the physical center of theiteasdirection perpendicular to the edge diametera
perfectly centered lens, these two axes are cagrtuand coincidental, superimposed on each other.

Centration errors arise by deviation from perfectd errors cause deviation in incoming light fa@ne

axis may be displaced yet still parallel from thleev. This is known as decenter, with the distareteveen

the two axes quantifying this decenter. The otlxerdition, when the two axes become nonparallebith
other, is known as wedge. At some point in spauoe,axes intersect and form a wedge. Decenter and
wedge are two essential terms used when discusgiogin lens centration.

Decenter

In the case of decenter, either surface is equiidiiyibuted about the optical axis as a functiorragfial
distance from center. If the lens were rotated aliwel optical axis, there would be no differencesitye
thickness at any radial point away from the optiaals. However, when the lens is rotated about the
mechanical axis, there is a difference in edgekttgss at some radial distance from the mechanidsl a
This edge thickness difference (ETD), also knowre@ge thickness variation (ETV), forms the basis fo
detecting and quantifying the centration error aorgd in a lens. When rotated about the opticad, axi
lens with decenter error will exhibit edge runoBRQOY. Two times the distance between the parallel but
noncoincedent axes corresponds to the edge rufagiire 1 shows how decenter and ERO relate.

Mechanically Centered

Optically Centered

Distance beteween mechanical
axis and optical axis is D.

When the lens is revolved around
the optical axis, an indicator
placed on the diameter shows a
Total Indicator Runout of 2D in
magnitude, equal to ERO.

Figure 1: Edge Runout (ERO)
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Wedge

With wedge, only one surface is distributed equabiput both the optical and mechanical axes. Hmrtire
other surface is proportional to the wedge angtenéal by the mechanical and optical axes. With one
surface distributed evenly about the axis, whenléns is rotated about its mechanical axis an atdic
placed on the other surface will show ETD. Fig@rélustrates the connection between Wedge Angle,
ETD and Beam Deviation.
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Figure 2: Wedge and Edge |
Thickness Difference (ETD)
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THE CENTERING PROCESS

Wedge is the case of most interest to the optatali¢ator. For commercial centering machines, rimegch
geometry most closely resembles the wedge caspartto be edged is held between two precisionsfing
one fixed and the other moveable. Barring someyepsévented source of erforthe surface in contact
with the fixed ring will be evenly distributed aticilne machine spindle afis The mechanical axis, the
centerline of the newly created diameter, will lmncident with the machine spindle axis and wilkpa
through the center of curvature of the surfaceoimact with the fixed ring. The other surface snsped to

a position with the moveable ring, but doesn’t ajsvput the second surface’s center of curvaturéhen
mechanical axfs Positioning error will leave the optical and rauical axes at an angle to each other,
intersecting at the center of curvature of theamefin contact with the fixed ring. Any error intping that
center where it needs to go will be seen as ETihéariens. This matches the wedge case.
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INTERPRETATION OF CENTRATION ON THE SHOP FLOOR

On the shop floor a fixture is used to quantifytcation errors. The fixture consists of referenugaces
for the diameter and one optical surface, plusraticator for gathering data. A lens is placed itite
fixture, where it contacts the reference surfa@éigh one optical surface and the diameter contatmexhd
constrained by the reference surfaces the lensté&ed about the diameter. An indicator is plated
contact with the other optical surface, and a mesasent is taken. With one spherical surface used a
reference, and with the diameter representing thehamical axis, the indicator movement is the ETD

Even if the wedge per surface is specified, asbgadone in lens design software, the measuremestef
surface tells the whole story if the clamping lwélthe centering machine is running true. Since aptecal
surface is used as a reference surface when teadgriaced in the centering machine, it will beefrof
wedge relative to the diameter once the part ieedg

CENTRATION IN ASPHERES

With aspheres there is now a third axis. The asplais is the line about which a nonspherical swtrio
form is evenly distributed. Within the manufachgiprocess steps are taken to have the asphesi@aadi
the mechanical axis concurrent and coincidental,lave there be no detectable edge thickness elitfer
when the part is rotated about its mechanical axiowever, errors do occur, and they aren’t always
spotted with traditional techniques.

Once the aspheric surface is finished, the ceriteurwature of the spherical surface on the otfa must

be on the aspheric a%idf it is not, when an asphere is loaded into mtedng machine, the aspheric axis
will be positioned at a non-zero angle to the ma# axis of the edged lens. This wedge is perm@ane
and cannot be removed. Traditional centering etedbection may not see the wedge between the twa axe

CONSIDERATIONSFOR THE OPTICAL DESIGNER

Whether centering errors are specified in termsledenter or wedge, it all comes back to ETD. The
geometry of the machines used to center lensesoamgasure centering error work in terms of the geed
case detailed above, and the wedge case seesingmeor as ETD. The fabricator converts whataser
specified by the designer (ERO, decenter, beamateri wedge per surface) into ETD. No matter how
centering error is specified, to match manufacturirethods, the fabricator converts to and meadtir€s
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