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What was the problem?

In 2001, I bought a used C14 OTA from an experienced amateur astronomer who had used it successfully for both visual observation and imaging. I was initially thrilled with the scope for all the reasons that amateurs love their C14’s: lots of aperture, great quality for the price point, compact, convenient, and well suited to a German mount.

It was too big for me to get a lot of use from it (I know, I’m lazier than some) until I got it permanently mounted. Once in my observatory (http://www.taconicobservatory.com) and with the opportunity to get much more use from it, I began to notice things that were disturbing and problematic:

 
· Image shift during focusing: all SCT’s – indeed, all moving-primary designs – suffer from this to some extent, and this scope was no exception.

· Would not hold collimation across the sky: no matter how carefully I collimated, by the end of an evening, it was out again. It took me a while to figure out that the optics were shifting as the scope changed orientation in the sky.

· Gross pointing inaccuracy of > 15 arc minutes: I had the OTA on a high-quality German mount known for the accuracy of its GoTo pointing, but even after careful polar alignment, I could not get consistent pointing. On any sort of high-angular slew, the pointing was off, and not by a little – a 90° slew produced a pointing error of 15’ of arc or more.

 

All these symptoms were suggestive of some substantial float in the optical components. I made a couple of attempts to remedy these problems, by adding an aftermarket focuser, tightening the retaining ring that secures the mirror to the threaded central pipe, and by regreasing the annulus between the central pipe and the baffle tube. It’s this sliding connection that provides focusing travel to the C14’s moving primary, and this connection is usually identified as the source of a number of mechanical shortcomings in this and other SCT designs.

Eventually I decided to do yet another major teardown and reconstruction, with the goal of fixing whatever could be fixed to improve the mechanical properties of this OTA: the stability of the optical mounting and alignment, in particular; the focusing action, and the cooling properties of the scope. I made no effort to modify or improve the optics themselves, and I was not primarily concerned with the aesthetics of the telescope.

The structure of the C-14 innards:
 

Thanks / apologies to Company Seven. Some of the nomenclature is my own:
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Potential sources of optical movement and alignment error:

 

1. Image shift: movement of the mirror / central pipe assembly on the baffle tube during focusing; the usual fix is a heavy layer of grease between the two, and /or the use of a secondary, Crayford-style focuser to supplement the stock moving-primary focuser. Neither solved all my problems.

2. Mirror flop: movement of the mirror on the cell. The usual prescription is to tighten the retaining ring to stabilize the mirror. This step did not resolve my issues either.

3. Loose secondary: comes in two flavors: movement caused by loose collimation or central screws (easy to fix); movement caused by loose secondary holder

4. Loose baffle tube connection to rear cell: this is supposed to be a permanently fixed and rigid joint. I’d never heard of this before I discovered it on this scope.

 

What did I find?
 

Undoubtedly I have some degree of image shift, although the presence of other gross errors has in the past made it impossible to determine just how much.

 

I had thought that mirror flop was the root cause of my problems, and tried to address it in three ways:

1. By tightening the retaining ring using a special tool I fabricated. This did not solve the problem.

2. When that proved inadequate / ineffective, I determined to disassemble the scope and fill the annulus between the mirror and the central pipe with sand as outlined by John Menke (www.menkescientific.com/C11Upgrade.pdf) in his article on fixing mirror flop in his C-11.

3. Upon disassembly I found that (a) the Menke fix was inapplicable as the C-14 annulus was filled with RTV, and (b) the entire RTV bond holding the mirror to the cell had failed. The mirror rocked visibly on the cell with modest hand pressure, creating the strong presumption that it was also rocking under its own weight as the scope was pointed around the sky. There was no alternative but to remove the mirror and remount it.
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(doubleclick for video – this is the effect of finger pressure on the central pipe)

This procedure, when done at the factory, is usually referred to as having the mirror “respun”, since it is the practice at Celestron to align the mirror on a rotating jig to ensure that the optical and mechanical axes are aligned. I considered sending the components back to Celestron but decided against it, since I had already disassembled everything and thought that the risks of shipping separate optical and mechanical components was high. I was also sufficiently underwhelmed by Celestron quality control to encourage me to think that I could do just as well myself, or at least that I could screw things up just as effectively as Celestron had.

 

In addition to the “usual suspects” of image shift and mirror flop, I also found that my scope suffered from the two other conditions: 

· a secondary mirror holder that was loose enough in its mounting on the corrector plate to be moved off the optical / mechanical axis, and rotated radially (both big no-no’s).

· a loose connection between the baffle tube and the rear cell. This is a swaged connection and designed to be rigid and fixed. In my scope, the baffle tube could be turned about 1/8 of a turn, and when so turned the connection loosened and the baffle tube could be wobbled back and forth.

 

While a lot of C-14 owners have reported and attempted to deal with image shift and mirror flop, and a few have reported a loose secondary holder in the Fastar models, mine is the only case that I’ve heard of in which the RTV bond holding the mirror to the cell had failed almost entirely, so that the mirror was visibly rocking on the cell under modest pressure, and also the only case I had heard of in which the baffle tube connection to the rear cell had also failed.

 

My guess is that these last two issues (failed RTV joint and loose baffle tube) were responsible for almost all of my gross misalignment and pointing error.

What should the goal be? Alignment Principles:

1) concentricity of optical elements around the optical axis. There is no provision for adjusting any of the optical elements in my scope in this regard, although I have heard that some generations of C14’s have screws in the corrector cell for centering the corrector and secondary. Mine does not.

2) orthogonality of all optical elements to the optical axis. I devoted a good deal of attention to adjusting the optics to achieve this, but once mounted, the C14 does not permit adjustment of any element except the secondary. You have to collimate these errors out using the tilt of the secondary – not so bad in an all-spherical system.

3) radial alignment of all optical elements to factory index marks. The C14 optics are matched at the factory to reduce total wavefront error. It’s important to reassemble all three elements in their original radial alignment.

4) coincidence of optical and mechanical axes. I took steps to try to achieve this, but it is difficult to measure; there are many sources of potential error, and there is no provision for adjusting the alignment of the optical axis.
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This is the mirror and cell as it came out of the OTA, with the factory alignment and QA/QC marks clearly visible. As advised by my mirror recoater (Research Service Company, (781) 284-0393, email: coaterrsc@aol.com in Revere, MA), I traced over these marks with a permanent Sharpie so that they would survive the stripping and recoating process.

Removing the mirror from the tri-lobe plate / central pipe assembly to which it’s mounted has one trick: you have to twist, radially, and hard. My mirror was already loose, so it was easier for me. Put on rubber gloves and grab the mirror and twist. Since you’ve already decided that it’s coming off, you might as well recoat anyway.
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Here’s the central pipe / tri-lobe plate assembly after removal of the mirror. All that was holding the mirror on was three patches of RTV separated by radial cork shims (which are hard to see in this view). There was virtually no bond between the back of the mirror and the tri-lobe plate. No wonder it failed! This design, while adequate for smaller SCT’s, seems fatally overtaxed for mirrors of the size and weight of the C14.
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Yes, the thickness of the primary mirror is just slightly over 2.25” at the central hole. Note the spotty adhesion of the RTV. I “cleaned” this off with steel wool, as I knew that I would be recoating the mirror and that there is an area around the central pipe that is covered by the retaining ring – you can see how the mirror coating in this annulus was affected by the cork shim ring between the mirror and the retaining ring.
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Almost certainly the largest source of optical movement and error was the fact that the baffle tube joint at the rear casting was loose This is (I believe) a swaged connection, and it rotated about 1/8 of a turn by hand, and noticeably wobbled under load when I disassembled everything. To say that I was surprised to find this condition is an understatement. Fortunately this condition was also about the easiest to fix: I put a strap wrench on the tube, tightened it in the rear cell, and checked the orthogonality against the rear cell carefully. When tight it was as square as I could measure it, fortunately, because in commercial SCT’s there is no provision for adjusting the “tip” of the mechanical axis of the OTA or the “tilt” of the primary mirror and thereby ensuring that the optical and mechanical axes of the OTA are coincident. This isn’t the worst thing in the world in an all-spherical system but additional adjustment would be good to have.

After the joint was tightened and checked for alignment, I:

· Removed the black paint (as best I could) from the “crater” at which the baffle tube is swaged to the rear casting, and scored the anodizing on the baffle tube with a Dremel grinder.

· Applied Loc-tite to the swaged connection to prevent rotation and loosening

· Poured the cavity in the rear cell around the swaged connection full of two-part epoxy.

 

This two fixes are completely redundant. Doing it again I would skip the Loctite, and use a better epoxy like the West System product that flows better than the small dual push-tube epoxy I bought at the hardware store. There’s no question that this joint is now reasonably square and immobile, however.

Be sure not to overfill the “crater” – there is a fitting on the back of the tri-lobe assembly that needs clearance here when the mirror is backed all the way into the rear casting see p.14). The total depth of the “crater” is 1”; the tri-lobe assembly takes up 11/32” of that recess. I could therefore fill 21/32” of that recess with epoxy to stabilize the (swaged?) connection of the baffle tube to the rear casting.
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I made a new cork shim ring for behind the mirror out of new 1/16” cork sheet, and new radial shims for around the central pipe. I got the cork over the ‘net from a musical instrument build & repair shop. 

I also checked the orthogonality of the tri-lobe plate relative to central tube, using a square. There was significant variation from lobe to lobe – I would say that the plate itself is warped. As the mirror needed to be shimmed, potted and RTV’ed to this assembly, I concluded that this is a resolvable issue. As the mirror was not squared or shimmed at the factory, however, but just allowed to sit on the warped tri-lobe plate, it was a significant source of misalignment. Again, in an all-spherical system that is not a fatal flaw - as it would be if the mirror was parabolic and non-adjustable.
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A previous owner had installed a PC “muffin” fan in one of three vent holes bored in the rear casting. I decided to improve that installation by adding more and better fans, which required boring out the existing vent holes to a larger diameter. This was done by a friend of mine, using a hole saw and a drill press.
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With regard to the fans, I used Sunon maglev bearing fans following the advice of Dr. Barry Meghdal on the C14 users group:

“These Sunon KDE1206PFV1 fans have full magnetic bearings (not the partial
magnetic like the "B" series), and amazingly low noise and vibration.

Data on the fans and mounting accessories is at
http://www.sunon.com.tw/english/wealth/index.htm (download the .pdf
catalog).

For those that have asked, the handles I used on the front and rear are from
www.mcmaster.com <http://www.mcmaster.com/> , and are part number 5190A8.

The fans are made by Sunon (www.sunonusa.com/)and are MagLev series KDE1206PV1 (less noise and vibration than the PB1,which uses some ball bearings), and are apparently now available from Allied Electronics.”

[image: image10.jpg]



This shows the spiffy new handles, that Barry referenced and which I installed (here covered with tape to avoid scuffing), and the installed fans and removable filter grills in the rear casting. I mounted the fans using nylon screws and nuts and “anti-noise” resilient plastic shockmount kits available from computer supply houses to dampen noise and vibration from fans of this type. I’ve noticed no vibration at high magnification when the fans are running, although the sound of air moving is noticeable and annoying. In retrospect I should have included a manual speed control in place of a simple “on/off” switch, although my intention has always been to control fan speed using the high-end Kendrick dew controller with programmable and voltage-variable 12v outputs (http://www.kendrickastro.com/astro/dewremover.html - PremierController).
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Well, I went to a fair amount of trouble to fabricate a rotating and adjustable jig for realigning and remounting the primary mirror: I bought a rotating “lazy susan” type bearing, mounted it to a couple of block screwed to a workbench, and mounted a circular piece of chipboard to the turntable assembly, with holes bored to accept threaded rods that screwed into the holes on the tri-lobe plate originally designed to accept the shipping bolts. The intent was (a) to be able to level the central pipe, so that I could determine a square / level configuration of the primary mirror and shim it against the tri-lobe plate as needed, and (b) to be able to rotate the entire assembly to be able to check it all the way around.

The first goal was entirely righteous and necessary; the second was completely useless and just added complication. There’s no need to be able to rotate the assembly, and rather than level the central pipe using a plumb bob or laser (the original intent), I found it infinitely easier and more accurate to do so with a level and square. It may not yield a perfect result, but it was much, much better and more accurate than what was done at the factory. Level of the central pipe was adjusted and held in place by the threaded rods and nuts passing through the circular mounting board.
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Unwrapping the mirror just back from the recoater – the new surface looked very good. It cost about $90. The radial alignment marks and Celestron QA/QC marks are right where they were after I traced over them with a permanent Sharpie, as instructed by the recoater (Research Service Company, (781) 284-0393, email: coaterrsc@aol.com in Revere, MA). For reassembly. I consulted my archive of disassembly photographs and determined exactly the radial position of the mirror that I need to replicate.
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This is the newly-recoated mirror sitting on top of the new circular cork shim, between the mirror and the tri-lobe plate, prior to remounting with RTV. You can see one of the two threaded rod assemblies I used to adjust the tilt and level of the central pipe – which is what I leveled, since (a) it defines the mechanical axis of the optical assembly, and (b) I knew the tri-lobe plate to be warped and not square to the central pipe.
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Having leveled the central pipe (or rather, assured that it was pointing in a true vertical orientation), I placed the mirror on the tri-lobe assembly, making sure to align it radially using the alignment marks that were on the back of the mirror from the factory and which I retraced prior to recoating.

I then placed my level across the face of the mirror, having covered its edges with thin packing tape. Needless to say, this is only one of several opportunities in this entire process to take a chip, gouge or scratch in your newly-recoated and expensive primary mirror. As the C14 optics are a “matched set”, any gross error in this or any handling of the primary means that you will be looking for a new telescope and a substantial transfusion to the checking account. Proceed with caution, and don’t do any of this when you’re tired.

That leveling exercise showed very quickly that the mirror needed to be shimmed. I had previously bought an assortment of aluminum shim stock from McMaster-Carr. After some experimentation I selected the proper thickness, and cut an arc of the appropriate dimension with a pair of heavy scissors. The shim got placed under the cork shim ring. 
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Here the RTV is going on, using a piece of shim stock as a trowel. The blue tape marks the location of the retaining ring once the mirror is installed – the “go no further” line. I used GE #162 RTV, on the advice of some professional opticians in the Amateur Telescope Makers of Boston, of which I am a member. Supposedly provides a very good bond, and does not outgas onto the optics.

I applied a heavy bead in each bay around the baffle tube (divided into three lobes by vertical cork spacers, applied a bead over each cork spacer, and tooled the RTV into a smooth and uniform layer using a piece of shim stock. When it was done I applied an additional bead of RTV around the outer perimeter of the large cork shim – i.e., onto the tri-lobe plate itself, thickly enough so that the mirror would extrude it when seated.

The moment of truth – the mirror seated itself without any drama, and there was no mass extrusion of excess RTV out onto the mirror surface – the thing I was the most worried about. The opposite problem – too little RTV applied around the central hole, leaving gaps and voids, does not seem to have occurred, although it’s difficult to tell. I rotated the mirror around the central pipe a couple of times before bringing it to its correct radial alignment. The RTV application look “just right” when complete.
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As hoped, RTV has extruded around the bottom of the mirror, around the perimeter of the cork shim, as hoped. When everything had set up (GE RTV 162, normal curing time is 48 hours), I flipped the mirror assembly over and applied two additional beads of RTV around the bottom of the mirror to ensure a strong bond with the tri-lobe aluminum plate.
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After I seated the mirror on the tri-lobe plate, I applied a paper mask over the surface with a hole just slightly larger than the diameter of the central hole, and then – very carefully – applied a thin bead of RTV into the top of the annulus.

I had stopped laying RTV on the baffle tube below the level of the mirror (the blue tape), so I had a bit to fill. I put the bead down into the annulus, filling the chamfered edge of the mirror, and then smoothed the bead with a gloved finger. The retaining ring will cover this space, so a little smearing is OK but this application went very well. Needless to say, another rich opportunity to screw up everything that you have achieved so far!
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The recoated and remounted mirror, with a new cork shim and the retaining ring about to go back on. A little surface dust, which was removed before assembly. Note spanner holes in the retaining ring – hence the need for the special tool which shown on the following page.
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The retaining ring is hand-tightened, using this tool, which I made for the purpose. Note the edges have been relieved to avoid scratching the mirror surface. I’ve heard that it is possible to overtighten this ring and pinch the optics (see Menke paper), so you want the threads clean and a snug but not tight fit. The cork shims on either side of the mirror provide a little give, although as they age and dry out, they will also loosen the connection and require retightening of this ring.
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In place of the stock focuser, I installed a Hutech locking focus knob (Hutech) and two Ironwood FlopStoppers (not shown – see FlopStoppers). The C11-size Hutech device also works on the C14. All three devices need to be loosened when the Hutech focuser is used for coarse focus, then resecured to prevent mirror movement and flop.  I use a FeatherTouch (www.starlightinstruments.com) as the primary fine focuser (also not shown), which is an absolute dream and a necessity for any moving-primary design, IMHO.
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Here’s the remounted scope in the park position on the AP1200GTO, with the Hutech focus lock, Ironwood FlopStoppers and FeatherTouch focuser installed on the backplate.

Summary – What did all this accomplish?

In the course of this or proceeding processes, I made the following mods / improvements to my C14:

· Resecured the baffle tube to the rear cell

· Dismounted and recoated the primary mirror

· Remounted the primary mirror to eliminate mirror flop

· Regreased the baffle tube with Dow Corning High Vacuum Grease to control image shift

· Recentered and radially aligned the secondary holder

· Cleaned all optical surfaces 

· Flocked the tube with Protostar flocking paper

· Replaced the stock focus knob with a Hutech locking focuser

· Added a FeatherTouch Crayford focuser for fine focus

· Added Ironwood FlopStoppers to the shipping bolt holes for additional mirror stabilization

· Added three low-vibration fans to the rear cell to assist cooldown

· Replaced the stock rear handles with more substantial and better-looking ones

As I said, my emphasis was on steps to improve the mechanical properties of the OTA. In this I think I’ve been successful. After rehabilitation, the scope exhibits no more than modest image shift and no appreciable mirror flop. It holds collimation across the sky, and can now be pointed accurately with my go-to mount, implying that the optical axis is no longer changing alignment relative to the mechanical axis depending on sky position.
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                    Remounted at Taconic Observatory – Finally!!

Appendix:

First impressions – My post to the C14 Group - Sunday, April 16, 2006:

Well, I was skeptical and so were others, but I finally got around to tearing down my OTA to try (again) to cure persistent mirror flop, and found that the RTV holding the mirror to the mounting plate had indeed failed.

The retaining ring was not loose, so a loose retaining ring was not the source of the problem. In fact, I suspect that my earlier tightening of the retaining ring only served to mask the fact that the RTV had failed.

Once I had the ring off, the mirror rocked perpendicular to the optical axis by several millimeters (1mm = 0.04”; let’s say it could be rocked by 0.1”) at the outboard edge with moderate finger pressure. I’ve been seeing ±15 arc minute pointing errors; If you do the trig, the amount of "flop" that the mirror has to have to shift pointing by 15' of arc is induced by rocking the outboard edge of the mirror down (or up) by 0.03" out of perpendicular to the optical axis. I didn’t try to rock the mirror while the ring was still on. I was also very surprised to find that the mirror would rotate around the central pipe by 1/2” each way.

I took a short video of the central pipe rocking back and forth with moderate hand pressure, which I can post if anyone is interested.

There is a 1/16” thick, 2.875” I.D. (4” O.D.) cork shim between the retaining ring and the mirror, and also an identical shim in between the mirror and the aluminum tri-lobe plate. In my case, the mirror as installed was visibly cocked on the tri-lobe plate: in contact with the plate on one side, not on the other. I could slide a metal ruler easily in between the cork shim and the tri-lobe plate.

The central hole in the mirror is 3” in diameter, and the central pipe that is bonded to the tri-lobe plate is 2.75” O.D., so there is room for about 1/8” of RTV all the way around. There were clearly voids and weaknesses. The mirror is 2.25” thick at the center. In my case, there was very little RTV applied to the flat back flange of the mirror where it contacts the tri-lobe plate. I’m not sure that I understand the point of the rear cork shim – it seems placed there precisely to prevent the RTV from bonding the back of the mirror directly to the tri-lobe plate.

There are three cork-and-felt adhesive shims applied radially to the central pipe, running parallel to the optical axis, spaced 120 degrees apart. These seem intended to help center and stabilize the mirror around the baffle tube. The mirror was visibly off-center despite the shims. The annular space in between these longitudinal shims is filled with RTV. It looks to me like the theory of the mounting system – to the extent that there is one – is to simply rest the mirror on the cork shim atop the tri-lobe plate, and rely on the application of RTV in the annular space around the central pipe to hold it in place. So essentially what is holding the mirror in place is three patches of RTV, separated by shims.

I also found that the 2.375” O.D. baffle tube – the long tube on which the mirror rides to focus and that is fixed to the rear casting – rotated about 1/8 turn by hand and comes to a hard stop at either end of this rotation. When it’s not at a hard stop, as mine was not, it wobbles slightly. It’s pretty easy to rotate this assembly when installing a visual back or aftermarket focusers, and when you do, you introduce another source of displacement of the optical axis (along with mirror flop and mirror shift). I will try to fix this issue with a strap wrench and loctite.

BTW, if any of you aspire to remove the mirror from the tri-lobe / central pipe assembly, the trick seems to be to break the RTV bond by rotating the mirror around the pipe.

Questions for the group:

· From a previous post to this board, I know that Celestron mounts the mirror using a GE Silicone; RTV8 012 & a dibutylitin dilaurate T12 07V hardener. Does anyone know where I can get this stuff? Google is not taking me there…

· On the other hand – this stuff failed. Is there anything better for bonding glass to aluminum? I suppose epoxy is too rigid?

· I was surprised to see that the annular space was almost filled with RTV and that this was apparently the intended method of securing the mirror. There was barely any room for introduce sand into this space to stabilize the mirror, which is what I was intending, following John Menke’s suggestion. But there was very little RTV bonding the mirror to the tri-lobe plate. Are the C-11 and C-14 mirrors mounted differently in this regard?

· What is the purpose of the cork shim under the mirror? Why shouldn’t I eliminate this and bond the flat back of the mirror directly to the tri-lobe plate?

· Is there any point to talking to Celestron tech support? I don’t see the upside of shipping the mirror back to them to be “respun”. I can do just as lousy a job of it myself in my basement.

· Now that I’ve got the mirrors out, I’m thinking about recoating. They were manufactured in 1999. Worth doing? The coatings look good. Any suggestions for coating vendor and specifications? What about a dielectric coating for the secondary? (I’m assuming it’s prohibitively expensive for the primary)

If anyone wants any dimensions, photos, etc. of what the mirror and internal assemblies look like when separated, ask me now. This is not something you want the chance to see yourself.

Eric

www.taconicobservatory.com
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