
OPTICAM system support 

• Optical design engineering, process planning, and cost 
estimating 
• Tooling development for optical fabrication 
• Critical parameters of lens grinding and polishing 

CIM-based systems allow the intelligent integration of 
activities necessary to design, engineer, and manufacture 
product. Design for manufacturing, computer simulations 
that demonstration performance, computer aided design, 
and computer numerically controlled manufacturing allow 
the implementation of systems that are linkable to all 
production activities using proven cost efficient approaches. 
SPC and T Q M S (Total Quality Management Systems) are 
practical. A Process Capability Index (PCI) can be devel
oped for individual lens design configurations using data 
collected during the manufacturing process. Design, 
engineering, manufacturability,and quality decisions, which 
greatly affect final cost, can be simulated in the early stages 
of optical system design. The computer-based planning 
and estimating system reduces the iterative process steps 
that are now required to estimate, plan, and tool systems 
for production. Critical parameters for minimizing subsur
face damage, thereby optimizing polishing times, can be 
programmed in the operating instruction. 

The O P T I C A M equipment being developed receives all 
information and instructions necessary to manufacture 
product through this support system. Manufacturing 
management and overhead costs can be significantly re
duced. Drawings and specifications can be passed elec

tronically. Machine instruction code is immediately acces
sible using currently available C A D Work Stations. Vendor 
drawings and requirements for tooling and materials could 
be created with the push of a button, eliminating costly 
overhead and time delays. Manufacturers and customers 
will benefit. Cost control can be initiated in the early 
design stage. Optical system costs would be reduced at 
every stage of the design-management-manufacturing 
process. 

The O P T I C A M System is intended to support the D o D 
mandated C A L S (Computer Aided Acquisition and Logis
tics Support) initiative. O P T I C A M will allow optical 
interfaces to other systems such as scanning, C A D , and 
C A E . The Center for Optics Manufacturing can provide 
a central resource to scan and convert drawings into raster 
or C A D files, thus eliminating overhead equipment for its 
members. The O P T I C A M System will reduce lead time, 
improve responsiveness, provide integrated data for auto
mation and management, as well as provide for industrial 
networking. Shortened design, development, production, 
and resupply times should result from the creation of this 
industry network. 

The development of the CIM-based O P T I C A M System 
offers a dramatically effective approach to optics manufac
turing. Deterministic manufacturing techniques replace 
the intuitive skill and labor intensive operations required by 
the conventional process. The automation and manage
ment system takes advantage of interactive C A D / C A E 
support and C A M / C N C fabrication systems to create an 
integrated, flexible manufacturing environment. 

Automated grinding 
By Leland G. Atkinson III 

A utomated manufacturing processes have been the 
dream of production engineers for many years. In 

some fields—such as metal fabrication and automated as
sembly—the dream has become not just a reality, but a way 
of life. The optical sciences were quick to make use of 
computer technology when it was first available to perform 
the laborious ray trace calculations required in lens design. 
Only recently, however, have there been serious attempts 
to harness the computer aided manufacturing technologies 
for use in production optics shops to improve the American 
optical fabrication industry. 

L E L A N D G . ATKINSON III is vice president of Gradient Lens 
Corp., Rochester, N.Y. 

Early attempts at automated grinding were made by 
several U.S. optics manufacturers. The Bell & Howel l C o . 
developed one of the first "X -Y type" automated aspheric 
grinding machines in the mid-1950s on a program for the 
U S A F Materials Laboratory. 1 Several additional machines 
were built in the early 1970s for Bell & Howel l by Moore 
Special Too l C o . based upon the Moore #3 measuring 
machine. A l l of these machines were run from a punched 
tape program, which was produced on the Engineering 
Division's central computer. Tool positioning accuracies 

of 5 microinches (0.13 µm) were achieved using com
plex error correction procedures. 
Other early work in automated grinding of optical surfaces 
was performed at Cooke Optical using a Pantograph that 
could achieve a figure accuracy of 2.5 mm on aspheric 
surfaces. Moore Special Too l , Perkin-Elmer, and Itek all 
had internal programs to develop automated grinding 
machines. The Perkin-Elmer approach was to use small 
computer-controlled loose abrasive grinding tools. This 
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FIGURE 1. PCAM automated lens grinding and 
polishing system developed at the University of Rochester 
and Gradient Lens Corp. 

work, reported by Jones 2 in the late 1970s and early 
1980s, was one of the few automated grinding and pol
ishing development projects noted in the open literature. 
The P-E computer controlled grinding and polishing was 
used to produce large mirrors such as the primary mirror 
for the space telescope (see O P N , March 1990, page 12). 

Unfortunately for commercial optical fabrication, most 
of the development resources of the 1970s and 1980s 
were directed toward military applications where aspheric 
surfaces in large mirror optics were of primary importance. 
These major efforts were performed at the Y-12 facility at 
Oak Ridge and Lawrence Livermore Laboratory. Auto
mated grinding of glass optical surfaces was put on hold 
while the sophisticated technology for single point dia
mond turning of mirrors advanced. A t the same time, the 
Far East's low labor cost and attention to volume manu
facturing issues took much of the non-military optical pro
duction offshore. 

Recently, however, the tide has turned and use of 
diamond turning machine technology along with new. 
grinding technology advances have shown the optics in
dustry that U.S.optical manufacturing can be economi
cally viable through the use of automated grinding and 
polishing equipment. 

The two major U.S. manufacturers of optical fabrication 
equipment—Rogers and Clark and R. Howard Stras
baugh Inc.—have both introduced a line of C N C genera
tors that assist the operator in set-up through the use of 
keypad entry and an integrated electronic spherometer. 
These features reduce the time required to change over 
a manufacturing line to a different lens surface and also 
reduce the skill level of operator required. Measurement 
of the generated surfaces with the integrated spherometer 
allows the generator to be self-correcting for tool wear. 

New federal funding 

The past couple of years has seen new government 
funding of optical manufacturing technology develop
ment. Most of the U.S. optical manufacturing industry 
is second tier, meaning that they are suppliers to prime 
contractors for optical systems. Because of this, little 
R & D money has been available to the optical fabrication 
industry. Recognition of this fact has led to two govern
ment-funded optical manufacturing R & D programs— 
the Optics M O D I L , located at Oak Ridge National Labo
ratory,3 and C O M , located at the University of Rochester4 

(see above). Both of these programs are an attempt to 
develop new optical manufacturing technology and assist 
in the transfer of the resulting technology to the U.S. 
optics industry. Optics M O D I L is focused on the large 
mirror optics SDI community, while C O M is directing its 
attention to the small lens production community. 

P C A M , an automated grinding and polishing program 
started at the University of Rochester in 1981 and com
pleted at Gradient Lens Corp. in 1988, demonstrates 
another approach to the automated optical fabrication 
problem. 5 This concept, shown in Fig. 1, uses a single 
machine with several processing stations to fabricate a lens 
surface. The process starts with a raw blank and goes 
through polishing and onto final inspection with no op
erator intervention. Computer-controlled set-up, surface 
generation, a universal polisher, and on-machine testing 
were implemented using a conventional C N C milling 
machine as the precision motion system. 

One of the most unique developments of the P C A M 
system was the successful use of a universal polishing tool, 
based on the same principles as a ring generator tool. In 
both cases, a single ring tool can uniformly contact a 
sphere of any radius, thus reducing special tooling require
ments. Grinding follows a geometric process, so simple 
geometric positioning of the ring tool is all that is re
quired. Polishing, however, is a dynamic process in which 
the material removal is controlled by the product of 
pressure, velocity, and time—all o f which vary across the 
lens surface. A computer-controlled process is required 
to calculate appropriate tool motions to assure that a 
uniform surface polish occurs and that the figure from 
grinding is maintained. 

The U.S. optics industry appears to be making a revival 
through the use of automation lens fabrication processes. 
For standard lens tolerances, the skills of the optician are 
being replaced with carefully developed automated tech
niques that require similar skills to operate as C N C metal 
working equipment. These technology advances are mov
ing the country's optical fabrication industry toward a 
position of competitiveness in the world marketplace. 
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