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Better Production

Going Where No Toolholder Has Gone Before 

Continuing in the Hubble Space Telescope’s legacy of discovery, in or around 2013, scientists at
NASA plan to launch the technologically advanced James Webb Space Telescope (JWST). Named
for NASA’s second administrator, the JWST is a large infrared-optimized space telescope
designed to study the first galaxies and stars formed after the Big Bang.

The JWST will include a mirror that is 6.5 meters (20 feet) in diameter, as well as a sun shield 
the size of a tennis court. Though more than double the size of the Hubble Space Telescope, the 
mirror will weigh only a third as much, with ten times the light-gathering capability. The mirror 
and the sunshade on the JWST will be folded for transport and will open when JWST arrives in a 
Second Lagrange (L2) point (either Torus, Halo or Lissajous orbits, depending on launch time), 
about 1.5 million km (1 million miles) from the Earth.

This new frontier in space exploration has placed a 
significant demand for precision on the manufacturing 
industry shops. Specifically, the mirror, machined from
beryllium, must meet high-level machining standards. 
Awarded to Axsys Technologies, Inc. (Rocky Hill, 
Connecticut), this manufacturing challenge meant 
reviewing and acquiring machinery and accessories up 
to the task. 

After much consideration, Axsys’ buying team chose
machines from Mitsui Seiki (Franklin Lakes, New 
Jersey) for this project. To complement the volumetric 
accuracy of these machines, Axsys selected equally 
precise toolholders. Already satisfied with the performance of its Ultra-Lock (Anniversary Type) milling chuck 
from Lyndex-Nikken (Mundelein, Illinois), the company says this was a natural choice. 

“We have had very few problems with the holders over the years, and the first ones that were purchased are still in use today,” says Tony Neal, JWST
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The unit is shown prior to 
undergoing high-precision 
grinding, aspheric polishing and 
testing at ambient temperatures 
to tolerances as tight as 20 
nanometers, or less than a 
millionth of an inch.

Company: Axsys Technologies, Inc.

Problem: Produce a lighter, more 

leader at Axsys Technologies. “This placed Lyndex-Nikken high up on our list when it came time to compare holders for the JWST mirror program.”

The JWST mirror project consists of 18 beryllium hexagonal segments that come together to form one 20-foot-diameter piece. Each segment must be
precisely machined into intricate honeycomb patterns. Though useful for this project because of its low coefficient of thermal expansion, beryllium is
both hazardous and expensive (Axsys’ beryllium expenses total $10 million). “Because of the nature of the material, we needed to be absolutely sure of
the tooling that we were buying,” comments Ken Samp, purchasing manager, Axsys.

The Ultra-Lock was first introduced to Axsys almost 8 years ago. At that time, the company had only begun work on
the Very Large Telescope (VLT) mirror program. To remove large amounts of material in the process, the company 
employed end mills with 0.750-inch diameters that were supported by Lyndex-Nikken setscrew holders. To prevent 
the tool from pulling out during machining operations, flats were ground on the shanks of the tools for setscrew 
mounting and tightening. Because of a weak point on the tool shank, several tools broke in the flat area. Axsys 
ordered 20 Ultra-Lock holders as a solution. Using these holders, the company was able to eliminate the need for 
flats on the end mill shanks while increasing tool strength. It eventually replaced all of its setscrew holders with the 
new holders.

Tests too, supported Axsys engineers’ decision to use the Ultra-Lock for the JWST project. To meet the
requirements of the mirror, the holder had to achieve 0.0005-inch or less runout in studies using a 12-inch-long
carbide rod. Axsys checked the rod at 1 inch, 3 inches and 11 inches from the face of the holder. After that, the
holder was then removed from the spindle, rotated 180 degrees, replaced in the spindle and checked again for
runout. The company also tried swapping out old tools with new tools, and it monitored the time necessary for
cleaning and preparing tools for swap-out.

“The Ultra-Lock passed all of these tests, appears to resist corrosion and is easily cleaned after machining
operations,” states Mr. Neal. With the decision made, Axsys personnel purchased several hundred thousand dollars
worth of the new toolholders.

Machining operations (40 to 50 total) for the mirror segments of this telescope are completed in stages. The
reflective side of the beryllium billet is first roughed. It is then turned around and refixtured for pocket milling. Six
hundred pockets, each approximately 2.5 inches square, are milled into the backside of the billet. The billet is then
heat treated to reduce machining stress. This operation is followed by another round of roughing on the mirrored
side. After another heat treatment, the pockets and mirror are finish milled. Axsys uses the Ultra-Lock for the
rough-out machining of the mirror blanks; it then uses the same holders to do finish machining operations holding
tolerances of ±0.0002 inch. “We are working in millions of inch-splitting hairs here,” states Mr. Samp. “So precision
is paramount.”

Each six-sided (4 inches thick by 54 inches across) beryllium billet initially weighs in at 750 pounds. Ten months
later, when machining is complete, the billet weighs around 45 pounds—a weight appropriate for space travel.

The new holder was recommended by Jeff Jensen of Jensen and
Associates (Alpharetta, Georgia). “Because the part is expensive,
there’s no such thing as scrapping anything,” he says. “I
recommended the Ultra-Lock for this project because the company
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Though more than double the size
of the Hubble Space Telescope, 
the mirror will weigh only a third 
as much, with ten times the 
light-gathering capability.

powerful telescope mirror 

Solution: Ultra-Lock from Lyndex-Nikken

Results: Tolerances held to ±0.0002 inch

couldn’t take the chance of a cutter slipping in a holder.”

Pre-balanced for high speed applications as fast as 30,000 rpm, the
tool features a slotted internal wall that is designed to create strong
chucking torque and rigidity. This custom chucking mechanism clamps
the cutting tool evenly up to 3 mm from the chuck’s nose, where
runout accuracy is held to 0.0002 at 4 inches. The Ultra-Lock can grip
cutting tools from 1/8 inch to 1¼ inches. Coolant delivery system options allow for coolant through the tool or
along the exterior of the cutting tool.

“These holders have performed to our highest expectations,” adds Mr. Neal. “They hold up well and continue to
make my job easier each day.”

Though the JWST program is slated for completion in about 7 years, production has been underway for more than a year. Axsys began delivering 
segments for polishing this year, with a final delivery expected in 2007. 
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