
Diamond machining 
By Stephen C. Hobert 

T he removal of material from a substrate using a single 
crystal natural diamond cutting tool has been experi

mented with in the United States for over 4 0 years. 
However, the most significant advances in this technology 
have taken place in the last decade. Today, single point 
diamond turning is recognized as a well established, cost 
effective, and repeatable manufacturing process. A wide 
variety of optical components, as well as mechanical com
ponents requiring micro-inch dimensional tolerances, are 
produced through single point diamond turning. 

The diamond 

When combined with a vibration-free machine and a 
compact and rigid tool holder, single crystal natural dia
mond cutting tools remove material from substrates cleanly, 
quickly, and efficiently. Since diamond can theoretically be 
sharpened to the level of atomic spacing, which is on the 
order of 3-5 Å, extremely small cutting forces are generated 
during the machining process. This results in single point 
diamond machined surfaces that exhibit optical quality 
surface finishes in the order of 4 0 - 1 0 0 Å Ra with form 
accuracy in the order of 1-2 fringes when checked at 6328 
Å. 

Natural diamond cutting tools have several other physi
cal properties that make them ideal for precision machining 
applications. 
• Friction and thermal conductivity: Because diamond has 
an extremely low coefficient o f friction, chips created 
during the machining process have a natural tendency to 
slide across the top of the tool away from the workpiece. 
This eliminates the buildup of chips at the tool's cutting 
edge, which minimizes scratching of the workpiece during 
machining. Also, because of the diamond's extremely 
sharp cutting edge and low coefficient of friction, there is 
very little heat generated during the diamond machining 
process. What small amount of heat is generated is quickly 
drawn away from the workpiece due to the high thermal 
conductivity of the diamond. And because diamond has an 
extremely low coefficient of expansion, the tool remains 
extremely stable during the machining cycle. 
• Minimal tool wear: Because of its extreme hardness 
and resistance to wear, single crystal natural diamond 
cutting tools maintain the high quality of their cutting edge 
throughout the machining cycle much better than other 
types of tooling. The end result is a finished workpiece that 
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exhibits a more consistent surface finish with minimal form 
inaccuracies. 

Materials 

Most non-ferrous metals, crystals, and polymers lend 
themselves nicely to diamond machining. Table 1 lists 
materials that have been diamond machined to various 
degrees of success at Rank Pneumo 1 

The inability to machine ferrous metals is the result o f a 
chemical reaction in the presence of oxygen between the 
diamond and carbon. 1 This chemical reaction causes 
graphitization that rapidly destroys the cutting edge of the 
diamond tool. 

Ultra Precision Machine Tools 

The most important component to successful single 
point diamond machining is the machine itself. Diamond 
turning machines must be completely free of all internal 
and external vibrations. Any inaccuracies in the machine 
tool will be passed on to the machined workpiece. The fol
lowing features are critical to the success of a machine for 
single point diamond machining. 
• Machine base: The machine's base should be constructed 
from a material that exhibits thermal stability and good 
dampening characteristics. One of the best materials is 
synthetic granite, which is composed of various size granite 
chips suspended in an epoxy binder. The granite chips 

T A B L E 1. Diamond machineable materials 

M E T A L S P O L Y M E R S C R Y S T A L S 

Aluminum Alloys: Arylic Germanium 

1100 5086 Nylon Zinc Selenide 

2011 5186 Teflon Zinc Sulfide 

2017 6061 Polycarbonate Lithium Niobate 

2024 7051 Polystyrene Cesium Iodide 

Copper ( O F H C ) Polysulfone Silicon 

Brass Acetal Potassium Bromide 

T in Huropastic Potassium 

Silver Dihydrogen-

Phosphate 

Gold 

Nickel(electroless plate) 

Zinc 
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make up approximately 95% of the base with epoxy making 
up the remainder. 
• Vibration isolation: The machine base should be mounted 
on an active pneumatic vibration isolation system. The 
vibration isolation serves two functions. First, it prevents 
any low frequency vibration that may be present in the 
factory floor from being transmitted to the machine. 
Second, it keeps the top surface of the base level while the 
slides are being driven in translation. This results in a 
constant torque on the slide drive motors at all times. 
• Hydrostatic oil bearing slides: Slide straightness, smooth
ness, and stiffness contribute significantly to the accuracy 

Aspheric polishing with a 
stressed lap 
By H.M. Martin 

The new mirrors for astronomy 

T he 1990s will see the construction of six to eight optical 
telescopes with effective diameters in the range 6.5 m 

to 16m, all larger than any existing telescope. The huge in
creases in light-gathering power have come about only 
through innovative mirror and telescope designs, for grav
ity does not allow a simple scaling up of existing 4-m-class 
telescopes. Thus, three new primary mirror concepts are 
being pursued vigorously: the segmented mirror of the 
10m Keck Telescope,1 which consists of 36 thin 1.8-m 
segments of solid low-expansion glass 
ceramic; monolithic thin meniscus 
mirrors of the same material for the 
European Southern Observatory's 4 
x 8.2-m Very Large Telescope2 and 
the 7.5 m Japanese National Large 
Telescope;3 and spin-cast borosilicate 
honeycomb mirrors up to 8 m in 
diameter for three projects involving 
the University of Ar izona 4 , 5 , 6 and two 
U.S. national telescope projects.7 

In addition to the new mirror struc
tures, the telescope designs call for 
unprecedentedly fast focal ratios, 
yielding more compact and economi
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o f the finished workpiece. Hydrostatic oil bearing slide-
ways provide horizontal and vertical stiffness in excess of 4 
mill ion pounds/inch. Because the slide moves on a thin 
film of pressurized oil formed between the moving slide 
and the stationary way, slide travel is exceptionally smooth. 
Also, oil bearing slideways offer exceptional dampening 
characteristics. Typical slide straightness should be on the 
order of 1 micro-inch per inch of slide travel. 
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cal enclosures and stifFer structures that resist wind loading. 
Fast primaries also allow the use of reasonably sized secon
dary mirrors, while still maintaining the relatively fast Cas
segrain focii that offer the best matching to optical fibers 
and C C D detectors. The three projects in which the 
University of Arizona is a partner have chosen focal ratios 
of 1.2-1.25. To ensure the success of these projects, a new 
polishing technique was developed that is geared toward 
very fast aspheric optics. 

Polishing of large, fast mirrors 
The difficulty in polishing fast telescope mirrors comes 

from their asphericity. Primary mirrors for all large tele
scopes are parabolic or nearly so, resulting in asphericity 
that increases with the diameter and inversely with the cube 
of the focal ratio. The asphericities of some existing and 
planned telescope mirrors are given in Table 1. 

TABLE 1. Asphericities of some existing and planned mirrors. 
The asphericity listed is the peak-to-valley departure of the 

surface from the best fitting sphere. 

TELESCOPE DIAMETER 
(m) 

FOCAL 
RATIO 

ASPHERICITY 
(µm) 

Vatican Advanced Technology Telescope 1.83 1.0 445 

Hubble Space Telescope 2.4 2.3 48 

ESO New Technology Telescope 3.5 2.2 80 

William Herschel Telescope 4.2 2.5 66 

M M T Conversion 6.5 1.25 811 

Columbus Project 80 1.2 1130 

ESO Very Large Telescope 8.2 1.8 343 
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