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1- Introduction
An assembly of lens is hold usually in a lens barrel. Each lens is fixed in this barrel by a mounting structure. An example of a lens barrel is shown in Figure 1. The following criteria should be met by a lens mount:

1– It should define the position of the lenses to the required accuracy.

2– Does not deform or change the optical properties of the optics by stress

3 – Provides the required adjustments for the optics
4 – Protects the optics from the maximum predicted shock to the device

5 – Protect the optics in presence of environmental extremes such as extreme cold and heat or moisture. The device might not be operational in these extreme situations.

6 – Maintain its function upon operational environmental variations. The most common environment effects are temperature and vibrations.

[image: image1.emf]
Figure 1: a lens barrel assembly

The position of the optics is defined by a fixed mechanical structure and a retainer pushes the optics to this reference point. Figure 2: Lens hold in the cell illustrates a lens hold in a cell. In this article, different methods of mounting the lens are presented. In each case, thermal properties and resistance to shock and vibration of the mount is discussed.
[image: image2.emf]
Figure 2: Lens hold in the cell

2- Mounting the Lens
2-1- Mounting with Reference to the Mechanical Axis
In loose tolerance or less expensive systems, the position of the lens may be defined by its mechanical axis. Mechanical axis is defined by the mechanical edges of the lens. The major issue here is of course misalignment of optical axis of the lenses in the system. The other problem occurs when the lens has appreciable edge thickness. In this case, lenses might tip and their edges might crack. To avoid the latter problem either the edge of the lens is made in a circular format or a relief should be made in the cell. The former case is shown in Figure 3 and the latter case in Figure 4.
[image: image3.emf]
Figure 3: Details view of a lens with spherical rim

[image: image4.emf]
Figure 4: Putting a relief in the cell to avoid jamming

2-2- Mounting with Reference to the Optical Axis
The optical surfaces of the lens determine its optics axis. There are three well known methods to seat the lens on its optical surfaces: obtuse angle, tangent and spherical contact. All three types are shown in Figure 5. In terms of ease of production and precision, ranking order of the three designs is 1- obtuse angle, 2- tangent and 3- spherical. In terms of tolerance to stresses the order is the reverse. The obtuse angle edge sharpness can vary. We will discuss this in more detail in the stress section.
All the structures in Figure 5 are shown for convex surfaces. The mount shapes for four configurations of mechanical interface to optical surfaces are shown in Figure 6. The tangent structure can not be used with concave surfaces.
[image: image5.emf]
Figure 5: Mounting lens on its optical surfaces

[image: image6.emf]
Figure 6: Four configuration of mechanical interfaces on spherical lens surfaces.

3- Retainer
In this article retainer is any structure which provides the spring force to press the optics to the reference mount. In this section different retainer types are presented. The next sections would explain the stress and thermal issues of the most common types of retainers. 

3-1 Snap Ring
Snap ring is a flexible ring which is bent and slid in a groove by the lens. This structure is shown in Figure 7. Some snap rings have two contact holes. These contact holes alleviate gripping and tightening them. However, most snap rings used to hold optical devices, do not have these contacts. Therefore, taking them out of the groove is very difficult.
[image: image23.emf]

Figure 7: Snap Ring

3-2 Shim Mount
Shimming is used to reduce the radial distance between the lens and the mount. Shims help to isolate the lens from vibration and thermal expansion. Effect of shim is somewhat similar to flexures. Brass shims are easier to insert but are not very compliant. Mylar and Teflon shims are very compliant. A shim mount is shown in Figure 8.
[image: image7.emf]
Figure 8: Shim mount

As shown in Figure 9 the shims can be inserted in three 120º segments. The radial gap between the optics and the cell ranges from 0.08 to 0.13mm. This technique is usually combined with RTV potting (discussed later). The resulting mount is very resistive to vibration. 
[image: image8.emf]
Figure 9: Shims in three 120º segments

3-3- Flexure Retainer
 
Flexures are passive mechanical structures which isolate an optical element from the mechanical and thermal effects of the structural support. A flexure mount has the following advantages over kinematic or semi-kinematic design
1- Free of slick-slip and friction effects of semi-kinematic design

2- Have less hysteresis than rolling or sliding contacts

3- More robust to adverse environment effects such as extreme temperatures, vacuum, and abrasive dust

4- Needs very little maintenance if any
A flexure mount is shown in Figure 10. The three tangent bars hold the lens. If the three bars have equal compliance, the mirror would maintain its centeration upon temperature change. Also the tangent bars operate as shock absorbers. 

[image: image9]
Figure 10: A flexure mount: 3 tangent bars holding a lens

3-4- Threaded Retainer Ring
This is the most popular type of retainer. Threaded retainers can have any of the structures of Figure 5. Figure 2 shows a lens held by a threaded retainer. The height of the retainer and the cell mount should be the same. Otherwise a torque would be applied to the lens which would cause additional stress. The situation is shown in Figure 11.
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Figure 11: Stress as a result of misaligned forces

The major problem with this type of retainer is stress at the contact. A nylon retainer could reduce contact stress. An O-ring could be inserted in the retainer to avoid metal-glass contact. Another way to reduce stress is to combine a threaded retainer with a flexure one. Figure 12 illustrates these retainers.

[image: image11.png]



Figure 12: Special types of Threaded Retainers

Retainers also tend to tilt the optics. Threaded pieces are generally not precise. Therefore, they should only apply the spring force to the seat and not change the position. One key factor is that threaded retainers should have loose fit. Sometimes an intermediate non-rotating ring is first inserted to hold the lens in position.

4- Stress Issues in Mounting Optics
Stress in glass is caused by several factors. The mount needs to hold the optics in its place. This force causes an initial stress. Shocks can cause much greater stress. Temperature change is also a major cause of stress which is discussed in the next section. Pressure variation might be of concern in special systems as well. 
The stress is problematic for two reasons. First it can make the glass to break or chip. This usually happens at relatively high stresses. Glass is resistant to tensile stress of 1 ksi for permanent load and about 4 ksi for short term loads. However, glass in optomechanical devices is usually under compressive stress rather than tensile. Most glasses have about  50 ksi compressive strength. 
Sometimes compressive stress in one part of a glass might cause tensile stress in other parts and produce small cracks. To make sure that these cracks do not occur, the maximum compressive stress should not be more than a sixth of the maximum compressive strength of the glass. However, usually these cracks are ignorable. 
A much more delicate effect of stress on glass is birefringence. This is usually caused by smaller stress of about 500 psi [1]. However, birefringence is mostly a concern in polarization sensitive applications.

4-1 Axial Stress
A contact between lens and mount is shown in Figure 13. The sharper the edge, the less would be its radius. The stress of the mount on the lens is given by equation 1
.
[image: image12.emf]
Figure 13: Contact point of a mount and a lens

[image: image13.emf]Equation 1
[image: image14.emf]
For tangentional contact, d1 << d2 and for sharp edge mounts d2 << d1. However, the radius of the edge can be assigned to tailor the stress of the mount. For most material used in mounts υ < 0.3 and therefore, 1-υ2 ≈ 1. Also if EG ≈ Em as it is for Aluminum and glass, then equation 1 reduces to
5- Temperature Effect
Materials expansion/contraction as a result of temperature change depends on their coefficient of thermal expansion (CTE). Variation of CTE in different material in a mount causes stress or looseness. The CTE of many common glass materials is summarized in Table 1 and the mechanical properties of common metals used in opto-mechanics is included in Table 2. As we can see the CTE of most glasses varies between 4.5-9.2 ppm/ºC but for metals the range is 10 to 25 ppm/ºF. The CTE of BK7 and Aluminum which are most commonly used in optical devices are 7.1 and 23.6 respectively. We investigate the stress resulting as a result of temperature changes in the next sections.
Table 1: Opto-mechanical properties of common glass materials

[image: image15.emf]
Table 2: Mechanical Properties of Common Metals

[image: image16.emf]
 Since the Coefficient of thermal expansion of optical material and mounts are usually different the 
5-1- Radial Stress

Radial stress is an issue when the lens flat edge is in contact with the mount. If the device is tight to the barrel, the stress on lens as a result of temperature drop is 

[image: image17.emf]Equation 2 

SR is the radial stress
aM is t he metal CTE 
aG is t he glass CTE

dT is the temperature change

EM is the metal modulus of elasticity

EG is the metal modulus of elasticity

DG is the lens diameter

tc is the metal wall thickness
For typical values of aM=13.1ppm/ºF, aG=3.9 ppm/ºF, dT= -50 ºF, EM= 10e-6 lb/in2, EG=11.7e-6 lb/in2, DG=2 inch and tc= 0.0625 inch, stress would be 272 which is far less than the compressive stress of the glass. It is also about a factor of 2 less than birefringence criteria of the glass.
The relative diameter change of glass to the mount can be calculated from

ΔR = ΔαRΔT

For the same parameters of above except dT = +50/ºF, ΔR would be 47μinch. This value is less than 12.5μm which is about the radial clearance of a typical small lens.

5-2- Axial Stress
For a sharp edge retainer the maximum axial stress as a result of temperature change can be obtained from the following equation:

[image: image18.emf]Equation 3

For the same typical values used in section 4-1 the maximum axial stress would be 2.48ksi more than the birefringence limit but still much less than compressive strength of the glass.
6- Elastomeric Mounting of Lenses
Elastomers are widely used to attach optics to cells. The elastomer should be inert. Room temperature vulcanizing (RTV) silicon robber polymer is a common material used as elastomer. Characteristics of some common RTVs is summarized in Table 3.

When elastomer is used, the radial spacing between glass and metal would be larger. Typical values are between 0.01 to 0.02 inches (0.25 to 0.5mm). Figure 14 shows an elastomeric bond. The elastomer is injected through several holes along the rim of the lens. Since, it is difficult to take apart elastomer from lens, it is important to make sure that the lens is centered before applying the elastomer. 

Elastomer thickness could be designed to compensate thermal expansion of the metal and glass. This is because the CTE of RTVs are much higher than both metal and glass. This is a difficult technique and is only used when the lens is going to face extreme temperatures. The relation for the thickness of the RTV to have an athermal design is:

[image: image19.emf]
Since RTVs are not very stiff they might allow small motion of the optics. Therefore, some motion of the optics might occur during shock or vibration.
[image: image20.emf]
Figure 14: Elastomeric mounting of lens

Table 3: Characteristics of common RTVs

[image: image21.emf]
7- Stacked Cell Lens Mounting

In this design, individual lenses are mounted on separate cells. Then all the cells are mounted in housing. Each lens should be concentric and coaxial with its cell. This design can be very precise and is used precision applications. Figure 15 shows an stacked-cell lens mount. 

[image: image22.emf]
Figure 15: Stacked-cell lens mount
8- Conclusions
Several techniques for mounting lenses were reviewed. Depending on the required alignment and environmental situations, a particular design is preferred to the others. 
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