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A synopsis of “Outline of tolerance(from performance specification to tolerance drawings)” by Robert H Ginsberg.
	Abstract

	This article provides systematic procedure to perform tolerance analysis of optomechanical system. A tolerancing outline is presented which is applicable to most of the system. This outline could provide a starting point to establish an effective tolerancing plan in a given requirements or restrictions.

	

	1. Introduction 

	Tolerancing is used in most aspect of design activities. One can be too rough and one can be too complicated that would be never used. All of introduced documents, operations, and options are in currently used by authors and other optomechanical communities. By formalizing outline of the tolerancing one can understand more about the tolerances and the system function.

	

	2. Basic outline

	The basic outline is presented in Fig.1. It begins from performance specification and ends to actual drawings. The purpose of the process is to determine “loosest tolerance” that can be specified for the parts and assemblies and still provide adequate performance. Using tolerances that are tighter than necessary is as undesirable as using too loose tolerances that resulting unacceptable performance.

	
[image: image1]

	Fig. 1 Basic outline of tolerancing

	Table 1 shows the parameters for which performance specifications are often written as requirements.

	Mechanical constraints in Fig.1 are, such as size, weight, and other configuration. Fig. 2 is an example of mechanical constraints on the design of a military telescope. It has required location of the objective, exit pupil and space envelope that system must fit in. Optical design can be started from this point until it satisfies performance check of the budgeted system of item 10 in Fig.1 by perturbation analysis.

	

	1

Image quality which can be expressed in terms of 

· MTF(Geometrical or diffraction or other(

· Resolution

· Energy distribution in the image

· Beam divergence

· Geometrical aberration, etc.

2

Boresight shift

3

Effective focal length

4

Magnifying power

5

Back focal length

6

Focus shift

7

Distortion

8

Tilt of final image plane

9

Displacement of final image from original axis

10

Etc

Table 1. Performance characteristics
When the optical design starts, compensator and mounting details have to be considered. Compensators are usually can be focusing or aberration correction lens. Mounting details that need to be considered in early stage of design is the choice of doublets. Spacing issues due to addition of reticle or image correction relay lens in Fig. 2 also have to be considered in early stage of optical design

	[image: image2.emf] 
3. Optical schematic

After initial optical design, optical schematic can be drawn. Fig. 3 is a form for the optical layout of a laser beam expander telescope. As it is shown the entire optical surface is numbered. These numbers will be used in sensitivity table and error budget table as well. All documents have to be self-explanatory for communication and interpretation purpose.
[image: image3.emf]
4. Optomechanical layout
After optical layout has been completed, the optomechanical layout can be drawn as in Fig. 4. This layout should illustrate the possible optomechanical and mechanical errors to be used in sensitivity table. 

[image: image4.emf]
As in Fig. 4, the lens will be mounted at plane “A” and located with respect to diameter “B”. The beam will be incident perpendicular to plane “A” and centered on the hole that locates diameter “B”.  Lens 5-6 will be used to compensate focus and align the beam to optical axis. From this optomechanical layout, we have to take all the possible error into account and calculated sensitivity.
5. Sensitivity table and error budget

From the optomechanical layout we can start sensitivity table. A sketch of layout is attached for self-explanatory purpose. The fourth column is the change of performance per deviation, in this case it is the increase in the output beam divergence. The change of performance is calculated after necessary focus or decenter adjustment. These values are presented in column 6 and 7.

	Sensitivity and error budget[image: image6.emf]
1. Surface element 

2. Change

3. Parameters and comment

4. Sensitivity

rad/dev
5. Deviation of rad
6. Required refocus

7. Required decenter

1-2
Index of refraction
Homogeneity
              “
Thickness
1
              “
Radius error, Fringe %
2
              “
Radius error, Fringe %
1
            Fr.
Irregularity error 
2
            Fr.
Irregularity error 
2@
        mrad
Wedge
1@
              “
Roll
              “
Decenter, RSS of all causes
              “
Axial displacement, RSS of all causes
1@CA
        mrad
Tilt, RSS of all causes
3-4
Index of refraction
Homogeneity
              “
Thickness
3
              “
Radius error, Fringe %
4
              “
Radius error, Fringe %
3
            Fr.
Irregularity error 
4
            Fr.
Irregularity error 
4@
        mrad
Wedge

              “
Roll
              “
Decenter, RSS of all causes
              “
Axial displacement, RSS of all causes
3@CA
        mrad
Tilt, RSS of all causes
5-6
Index of refraction
Homogeneity
              “
Thickness
5
              “
Radius error, Fringe %
6
              “
Radius error, Fringe %
5
            Fr.
Irregularity error 
6
            Fr.
Irregularity error 
6@
        mrad
Wedge
5@
              “
Roll

              “
Decenter, RSS of all causes
              “
Axial displacement, RSS of all causes
5@CA
        mrad
Tilt, RSS of all causes
              “
Laser beam decenter
              “
Laser beam tilt
Total error

RSS



	Table 2. Error budget


In addition to above criteria, other interested performance changes can be added to evaluate the effect of perturbation. Axial displacement was not listed as airspace change provides same information. 

After filled in sensitivity column then error budget is prepared. Error budget has been arranged with respect to element to element. These grouped tolerances will be helpful to transfer the information to the drawings. 
When one fill in error budge we need to keep in mind that all the perturbation amount need to be preset so there is no dominant factor in the error budget. But in practice certain parameters will be much more sensitive than others and changes in them must be kept very small. In some case it is not achievable so that has to be released to the realistic value. The budget process is an attempt to find changes in each parameter that are reasonable in cost and that degrade the system and amount within the preset limit. If the error source is more than one, for some errors, the resulted RSS number can be used.
6. Complete outline.

Fig. 7 is giving options when error budgeting is not achievable in reasonable range or impossible. If sensitivity table is not OK then we can go back to the optical design to reduce sensitivity or tolerance range or change compensators.

[image: image5]
Fig. 5 Complete outline of tolerancing.

If performance predicted by an RSS or Monte Carlo analysis is unacceptable, we can go back to error budget to change tolerance, compensators, or mechanical design. If all above efforts are not satisfying requirements then we can change requirement.
7. Further work.

A proper actual design activities for similar lens system needs to be done and go through all the necessary sensitivities and error budget calculation process.
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