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(Improvement of Primary Mirror Scratch Inspection at Subaru Telescope)
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Subaru Telescope's primary mirror reflects light by depositing an
aluminum film on ULE glass.

The primary mirror is re-evaporated to restore the reflectivity of the mirror
to a level where observations can be made. This process is performed
approximately once every four years, and has been performed nine times
since the telescope was built.

The inspection for scratches is an important part of the three-month long
process of re-evaporation of the primary mirror, in which the quantity of
scratches on the mirror after aluminum film removal and the necessity of
countermeasures are determined.

Therefore, we attempted to improve the process to make it more efficient

and less person-driven. The proposed improvements are reported here.
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The purpose of the flaw inspection is to determine the life span of the primary mirror.
The purpose is to inspect the primary mirror for cracks and whether the cracks
enlarge with age.If there is a crack at the tip, or if the scratch has obviously grown,
countermeasures are to be taken.

Although this work has been done for every re-evaporation operation, some work is
done by specialists, including veterans, and it is necessary to seek standardization of
inspection methods in preparation for future personnel changes or when specialists
cannot be assembled. For this reason, this time we will formulate improvement
measures with a view to increasing efficiency by reviewing the work process,
improving reproducibility with the measuring instruments we currently possess, and

replacing technical skills.
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When the primary mirror was delivered in 1998, Contraves had already polished the scratches,

and a scratch depth of 0.075inch (1.9mm) was considered standard. However, the depth of the



scratches could not be measured at the observatory.The main reason for this was that the glass
to be examined was ULE glass, a special type of glass. However, even with today's state-of-the-
art electron microscopes and lasers, it is impossible to measure the depth of the scratches
because the glass itself transmits light.Therefore, since the scratch inspection in 2001, the
following graph has been used to estimate the depth of scratches based on the contrast between
the size of scratches and the depth of scratches.As shown in the graph below, by estimating the
depth of a scratch based on the contrast between the size of the scratch and the depth of the
scratch, we had established a standard for taking countermeasures.If the maximum dimension

of the scratch surface is 5 mm or less, we assumed that the scratch depth could be 1.9 mm or

more.
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Table 2-1 Relationship between the size of the wound surface and the estimated depth of the
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Table 2-2: Criteria for injuries to be recorded
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Table 2-3: Criteria for determining countermeasures (scratches to be polished or etched)
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Reason for Introduction When working on a primary mirror, it is difficult to work with
a large microscope. This product is compact and portable, and by connecting it to a
tablet device, it is easy to grasp the shape of the flaw, and by setting a scale marker on
the screen, the size of the flaw can be quickly confirmed. With conventional methods,
1t has been difficult to measure the dimensions of scratches and acquire digital camera

photos at the same time.
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Reason for introduction: Introduced to directly measure the depth of scratches on the
primary mirror. Depth measurement can be performed on scratches with an open top
surface. The disadvantage is that depth measurements cannot be taken for scratches
that do not have an open top surface. The disadvantage is that it is difficult to focus on
transparent wounds. Although the measurement results are prone to individual

differences, this was used as a standard for future depth measurements.
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Reason for Introduction As a reflection of the conventional inspection, checking the
reproducibility of the location of scratches had become an issue. Although the laser
tracker could not directly read the scratches themselves, it was possible to record the
coordinates of each scratch by surrounding the scratch with a silicone marker. These
coordinates could be used to map the location of the scratches, and because the laser
tracker has a pointer function to any scratch based on a specific scratch, it was
possible to respond to cases where the scratches could not be found during subsequent

inspections.
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The following figure is a summary of conventional flaw inspection methods.
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And the problems with the conventional scratch inspection method were as follows

(1) Because a digital camera is used to acquire photographs, small scratches are out of focus.

(2) Tt is difficult to grasp the shape and measure the size of scratches in the acquired photographs.
(3) Mapping is performed based on handwritten scratch layouts, which can lead to positional errors.

(4) Tt is difficult to locate scratches that have been found in the past but not found this time.
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In order to solve this problem, we used the inspection equipment described above and made some

changes to the content.
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By making the above changes to the equipment used, flaw inspection can be performed more

efficiently.
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Advantages of the proposed flaw inspection improvement
1. detailed recording of the flaw shape is possible, which is not possible with a digital camera.
2. the maximum dimension can be easily measured because the scale can be placed so that it overlaps
the image
3. easy mapping of defects because the defects can be located by coordinates

4. laser tracker allows easy location confirmation by pointing a pointer to the past defect location.
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Results of Scratch Inspection in 2022

Although many scratches larger than 5 mm were detected, no scratches that have already been

addressed or cracks at the edge of cracks were identified, so no measures were deemed

unnecessary this time. The growth of scratches will be monitor and any expanding scratches will

be addressed.

Group#1 Group#2 Group#3 Group#4

Class 1 2mm = x < 5mm 0
Class 2 5mm = x < 9mm 4 7 1 1 13 0
Class 3 9mm = x 4 11 2 9 26 0
Class 4 bE T 15 24 0 15 54 0
another _EERBES 0 0 0 0 0 0

&=Et — 40 65 12 49 166 0
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5. reflections on the implementation of the proposed wound inspection improvements
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Problem to be solved
1. When measuring the size of scratches, the mirror surface slides, causing blurring when taking
pictures.
2. photo application attached to the microscope is slow and stressful.
3. depending on the type of scratch, halation may occur due to unevenness (The size of the scratch
is measurable.)

4. light does not easily hit the scratches, so the quality of image acquisition may vary among



individuals. (It may be difficult to measure scratches even if the polarization is changed.

5. The scratch identification process has been improved, but we would like a method to identify
scratches in a shorter time.

6. When mapping scratches with laser tracker, a silicone pad was used to protect the primary mirror,
but the silicone pad could not be degreased properly. However, the silicone pads could not be

successfully degreased. An alternative suitable for protection of the primary mirror will be devised.
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Finally, there are areas that require further improvement in the method of flaw inspection, including
each of the issues identified this time. It is necessary to build a better plan for the next and
subsequent depositions, aiming for a less person-driven process.

Improvement measures are not finished; they need to be constantly improved in order to meet the

challenges of standardizing operations and public access in the following years and beyond.



