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FOREWORD

This report is the IntOp Interim Manufacturing Methods Report
called for under Contract DAAK 40-79-C-0255 at the conclusion of
the Basic Effort. For convenience of distribution each section of
the four major sections have been arranged so that independent dis-
tribution can be accommodated.

This interi'n report covers the period of July 1979 to September
i ~ 1980. A presentation of the need for precision machined optics by
| the Army and DOD for use in the infrared along with the specification
for machinery to manufacture these elements, metrology to measure
the components and a facility to house this equipment is presented,

A calculation for the return in investment forms part of this report.
The program is under the direction of the U.S. Army Missile
Comniand. Mr., William Friday is the Project Fngineer. The work
' at IntOp is under the general direction of Mr. Arthur E. Hess who is

acting Program Manager. Technical support is assigned to the
engineering department under the direction of Mr. Gordon J. Watt

who is acting as Chief Investigator.
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SURVEY
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Sevtion 2 Scope
Section 3 Sources of Survey Data
Section 4 Projected Requirements - Size Summary
Section 3 Total Projected IR/ Laser Optics
Requirements
Section o Machine Selection
Section 7 Conventional vs Precision Machining
Processes
7.1 Basic Assumptions
7.2 Machine Requirements
7.3 Number of Machines Required
Section 8 Return on Investment
8.1 Machine Investment
8.2 Derivation of Estimated Costs
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1.0 TASK I, SURVLEY

1.1 FOREWORD
Paragraph 3.3.1 of the Basic Effort of Contract DAAK 40-79-C-0225
requires that a survey be made of Armiy and other DOD applications

and requirements for precision machined laser, infrared and optical
support items.

S
o

SCOPE

A survey was made by means of document search, mailed
survey questionnaires, telephone solicitation and personal
meetings. This effort resulted in a compilation of programs
with their associated components that are currently in design,
prototype or production phases. Long range programs, those
that are in the pre-planning or planning phase have not been
included.

3.0 SOURCES OF SURVEY DATA

Field visits, supplemented by a comprehensive telephone
solicitation campaign and mailed survey guestionnaires to a
broad base of government and civilian organizations, provided
the data base.

Among Commerical Organizations contacted were, Ford Aeronu-
tronics, TRW, Rock well International, Hughes Aircraft, McDonnell
Pouglas, General Dynamics, Aerojet General, Northrop Corp.,

Texas Instruments, Martin Marietta, Raytheon, Boeing Corp., ITEK,
Kollsman Instrument, Emerson Electric, Magnavox Corp., Chrysler
Corp., Teledyne Brown Eng'g., ITT Corp., International Laser Systems.

Among Military were: Naval Ocean Systems Center, Naval Weapons
Center, Naval Research l.aboratory, Naval Air Systems Command,

Office of Naval Research, E/O & Night Vision Labs, MICOM, AVRADCOM|
Air Force/RDQT HD, Air Force Systems Command, Wright Patterson
Mat'l l.ab., DARPA, TARCOM, ARRADCOM, TSARCOM, Fort
Monmouth,

1-2
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4.0 PROJECTED REQUIRMENTS - SIZ 12 SUMMARY *
The following list is a tabulation of the total projccted IR laser
optics requirement. The programs involving these optics are
all at least in the engincering model phase. The programs in
early stages of planning or development were not included
because of the uncertainty of their ever advancing to the
production phase at this time. This of course implies that
many more requirements than those detailed here will exist
during the next ten (10) year period.
Geometry Size Projected Requirement
{ Now through 1990 )
Flats 2" x 2" 145, 000 to 169, 000
Flats 72" x 2" 9,000 to 12, 000
Polygon Scanners < 31" dja. 96, 200
Polygon Scanners > 33" dia. 30, 000
Spherics € 5" dia. 541, 908 to 625, 908
Spherics »5'" dia. 30,000
Aspherics £ 5" dia. 234,636
Aspherics > 5" dia.
but

10" dia. 4,136

+ Candidate Parts for Precision Machining Technology -
Current State-of-the-Art.
1-3
form A-541




9 O O s Wallingford, Connecticut 06492

Division of Kollmorgen Corporation

TOLAL PROJECTED IR/LASER OPTICS REQUIRIEMENTS

MATERIALS SUMMARY

Geomietry & Size Material Quantity
Flats (€ 2" x 2'") Aluminum 131, 000
Flats (»2"" x 2'") Germanium 14, 000 to 38,000

Polyveon Scanners
(& )_‘ diameter) Aluminum 9, 000 to 12,000

PPolygon Scanners
(> 51, " diameter) Brass 96, 200

Spherics

(% 5" diameter) Aluminum 183, 000
Germanium 250,908 to 334,908
Mag Flouride 78, 000
Zinc Selenide 30,000

Spherics

(7 5" diameter) Zinc Selenide 30,000

Aspherics
(€ 5" diameter) Aluminum 65, 400

Beryllium (plated) 20,000

Copper 8,000
Fused Silica 7,200
Germanium 1, 330
Z.inc Selenide 136, 000
Aspherics
(25 dianmeter) Aluminum 3,000
Germanium [, 136
1-4
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v, U MACHINE SELFECTION

The variation of size and geometry of optical cormponents tab-
ulated in the survey call for two basic types of machine. This
is in keeping with the IntOp philosophy of job related equipment.

The flats and polygon scanners require a milling type fly cuatting
machine. A single machine to cover all sizes is reconu vdled.
The spherical and aspherical elements require a different machine
configuration. Spherical components can be produced with a
spherical generator similar to that furnished as GFP under

the subject contract.  This machine performs its task as a
function of the geometric location of a rotating work spindle

and a rotating fly cutter spindlc. The basic controls include
start-stop switches and variable speed controls for spindles

and slide.

The aspherical elements, however, require a machine of greater
sophistication. The specification for such a machine is the
subject of the following section of this report.

7.0 CONVENTIONAL vs PRECISION MACHINING PROCESSES
7.1 BASIC ASSUMPTIONS

In comparing the cost of conventionally processed versus preccision
machined optics the following factors were considered.

a) The cost of the basic substrate is the same in both
cases.

b) Substrate process coating, such as electroless nickel,
can be eliminated in most cases and the base material
can be turned directly. This cost saving has not been

added,

¢} The finished optical surface produ.ed by precision
miachining often does not require overcoating for re-
flectivity enhancement or surlface protection. This is
particularly true of optics used as high encergy laser
reflectors. Many aluminum reflectors do not require

optical coatings. These savings have not been reflecied.

form A-541
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d) Inspection time, particularly for aspherical elements,
will be greatly reduced because whenever the geometry
of the optical element permits, precision reference
surfaces defining the optical axis and a face normal
to the optical axis will be provided. It should further
be noted that because of the precise electro mechanical
control of the machine functions one hundred {100) per-
cent inspection for surface figure is not required in
most cases, This saving has not been added.

e) The time required for alignment and collination of
the optical elements in their final subassembly or
assembly will be greatly reduced by use of the
aforementioned reference surfaces.

f) A further advantage of precision machined optical surfaces is
that they can be incorporated as a part of the primary
structure that would normally be used to support the optics
in use. A considerable saving can be realized in the require-
ment for fewer parts and also the characteristic of autoniatic
collimation by construction,

Because the above factors do not all apply in all cases and
because many of them are uniquely interrelated to the system
or component function it is extremely difficult to estimate a
value for the savings attainable, Perhaps an increased over-
all saving of ten (10) to fifteen (15) percent is a reasonable
figure to assume.

The survey identified 30,000 internally faceted scan mirrors.
These elements were not included in the savings calculation
because it is assumed that a special machine configuration will
be required for their manufacture,

7.2 MACHINE REQUIREMENTS

7.2.1 FLAT ELEMENTS
The machines are vertical spindle milling type machines using
a rotating tool head containing one or more diamond tool bits.
They are used to manufacture flat surfaces including polygon
scan mirrors.

L-6
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.1 ASSUMPTIONS

The following assumptions were made in the following cal-
culations:

a) The size of the flats (not including polygon scan
mirrors) permits the processing of twelve (12) flats
per load.

b) Each load will require 0.5 hours of available machine
time.

c¢) The maximum requirements as identified during the
market survey effort will be used to compute the
machine requirements.,

154, 000 flats 0.5 hours 6. 417 h £ 1abl
12 flats/load * load - ours ol avatiable

machine time required to
produce flats (min.

requirement
181, 000 flats 0.5 hours  _ .
12 flats/load X Toad 7,542 hours of available

machine time required to
produce flats (max.
requirement

d) Polygon scan mirrors have an average of eight (8) -facet
(flats) per mirror, and will be stacked to process eight (8)
polygons per load.

96, 2000 polygons x 8 flats 144, 300hrs
polygon x 1.5 hours of availabld

8 polygons Toad ~ machine tif

load required to

nroduce the polygon

e) Since the Survey included requirements from 1980 through
1990, it is assumed the requirements will average over
that period.

Therefore, the total required hours of available machine
time per year to produce flats, including polygons, is:

1-7
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7,542 + 144, 300 hours - I», 154 hours
J 10 years year
TL2.02 SPHERICATL ELEMENTS
The machines are in the form of a chordal generator in which
two spindles, one holding the work piece and one the tool, are
placed in confipuration that causes a spherical surface to be
venerated when the spindles are activated.
T.2.2.1 ASSUMPTIONS
a} The size of the elements permits the processing of
six (0) elements per load.
b) Each toad will require 0.5 hours of available machine time.
c¢) The maximum requirements identified during the market
survey effort will be used to compute the machine
requirements,
544, 908 spheres x 0.5 hours = 45,409 hours of avail-
6 spheres/load load able machine time re-
quired to produce sphere
(min. requirements)
635, 908 spheres x 0.5 hours = 52,992 hours of avail-
6 spheres/load load able machine time re-
quired to produce sphere
(max. requirement)
52,992 hours
10 years = 5,299 hours
. year
7.2.3 ASPHERICAL ELEMENTS
The machines are similar to the machines used for spherical surface
confivruration production. They have the added function of numerically
controlled axes motion that causes a basically spherical surface to be-
comie aspherical,
1-8
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TLl3 ASSUMPTIONS
a. Aspheric elements are processed one at a time.
b, The average clement is less than five inches in dianmcter
238,772 aspheres x 0.75 hours 179.079 hours ot availanle
asphere machine tinwe re-
quired to produce
aspheres.
179.079 Hours - 17908 Hours
10 years year
T.3 NUMBER OF MACHINES REUIRED
7.3.1 MACHINE UTILLIZATION
The following assumptions were made:
a. All machines have a 100% work backlog.
b. The average machine operator availability is:
40 hours 52 weeks - { 2 weeks vacation + | week sick and ‘
week Year year personal time
- year
+ 2 weeks holiday
year
= 1880 hours
year
¢. The average machine availability is:
1960 operating hours x 0.87 = 1636 hours
d. The average machine yearly running time is:
Overtime hours = 20% in 25% of the shops
1636 x 0.2 x .25 = 82 hours
year
Two shift operation in 0% of the shops
1636 x 0.1 x 1.937) 317 hours
yt‘(l!'
-1
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1636 hours 82 hours overtime ' 317 hours 2 shift
year N yoear year
= 2035 hours
year
7.5.2 FLYCUITER
The number of machines required for production of flat surfaces:
15, 184 hours/year = 8 machines
2035 hours
7.3.3 SPHERICAL GENERATOR
The number of machines required for production of spherical
sarfaces:
5, 299 hours/year = 3 machines
2035 hours
7.3.4 ASPHERICAIL GENERATOR
The number of machines required for production of aspheric
surfaces:
17, 908 hours/year .
2035 hours = 9 machines
8.0 RETURN ON INVESTMENT
8.1 MACHINE INVESTEMENT
Average projected cost of flycutter $125, 000 each
Average projected cost of spherical
generator % 75, 000 ecach
Average projected cost of aspherical
generator 4250, 000 each
1-10
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docontinae 1y

| e tatgd o achine investnent 1s:

(1.2 0, Oy X =y {7, 000 X %) 1290, 0un N )

$3, 475, 000.
PSTIMALELD COSTS

Becaase the people contacted ta assist 1 this sarvey retused to
sclase part prices in constderation of their con perative posture
e stiibates shown tor bhoth

Nt

Conventional ' and "Proecisioun

Nl catecories were estimuated by IntOp personnel. This

roebictanc e to disclose part cost was et equally with personnel

ar botn noahitary and conmm erical orvanications.

Becaase ot tne wide variety of geometries, noaterials and sizes,

U e averave was almost inpossiole to estimate. The costs used

arc parposcly hirected to err toward the conservative it indeed there
1> b\ clror,

-1l
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o PSTINIA L E COST - TO

Caeatrie by Fostinnatoerd
Conventianal
Nlethrorg s

Flars 2 WL ‘t\ 1 >0 cadh

Poly corns
3! lart cler S0 each

Snhe res

4 dlarnreter L L0 ¢ach
Aspheres
5 diarn cter $ 2000 ¢ach

- BUILD

lostimated

Precision

Machining

$ 100 each

$ 250 each

$ 100 each

$ 000 each

TOTAL PROTECTED SAVINGS

Projecter
Savings

$9, 050, 000.
(for 1sl, 000 units

$14, 430, 000.
(for 96, 200 units)

$31, 800, 000.
(for 635, 900 units)

$328, 440, 000.
(for 234, 0600 units)

$383, 720,000,
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PROJECTED TOTAIL SAVINGS (PARTS PURCHASER)

Fovaluating the amount to bhe saved by the purchaser using the
costs tabulated in paragraph 8.3 can probably best be done

on a discounted cash flow basis. PFor simplicity of calculation
assume that the total projected savings of $383,720,000. is
accomplished over a ten (10) year period and that this sum is
cqually distributed over this time span. lurther assume an
effective annual interest factor of twelve (12) percent. The
net present value of the future savings in each cateuory is

then:
a) Flycutter 13,274, 000.
b) Spherical Generator 17, 968, 000.
c¢) Aspherical Generator 185, 575, 000.

Total Net Present
Value 216, 817, 000.

PROJECTED ROI (MANUFACTUKER)

It is not possible to make a meaningful estimate of the Return on
Investment from the manufacturer’s point of view. A gencral
tlavor of the return can only be indicated if it is assumed that all
of the equipment listed in the preceeding paragraphs were obtained
by one manufacturer and all of the work was performed by this
same group. The Return on Investment would then be 150 percent,

Of even more significance is the tact that, based upon all of

the assumptions of this survey, a total saving of 7,074, 300 man
hours or 377 men per year will be saved. Of this numiber 323 of
them are concerned with the production of aspherical surfaces.
In light of the lack of available skills in this area it would appear
that the numerically controlled precision machine may be more
than a cost saving -; it may be the only practical way to produce
these surfaces.

1-13
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$.3.4.1 TASK 2 - MACHINE SPECIFICATIONS
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Section 1

o

Section

Section 3

Section 4

Section 5

MACHINE SPECIFICATION

Makeup of the System

Reference Documents

System Requirements

Mechanical Aspects

Pneumatic Supply & Control System
Numerical Control Systems

Programming Functions

Inspection and Tests

Documentation
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Soubl

SPHOCTFTCATION FOR A DIAMOND TURNING MACHINE TO PRODUECE,
SPHERICAT. AND ASPHERICATL S RPFACES O REVOLUTION L P TO
TWHELVE INCHES DIAMBT R,

Ihis specification is prepared tomeet the requirements of Task 2 -
NMoachine Specitications for Contract DAAK-40-79-C-0025, The
machine is specitied to meet the voals tor shape, figure, and surface

tinish as sct forth in paravraph 5. 3.2 of said contract specifications.

A machine configuration similar to that described by Batelle in recent
papers and publications is called out in this specification. The nachine
configuration and definition of axes is illustrated in the line perspective
of drawing PP-10004-209 attached. This is the general configuration of
a chordal generator which will produce spheres and toroids with no
dynamic control. For the types of aspherical surfaces turned up in the
Task 1, Survey of this contract, a minimal dynamic correction is re-
quired to reach the desired surface configuration.

a. Dynamic range of the contour control system is minimized in the
generation of aspherical surfaces.

b. Tool feed is primarily tangential to the surface being generated,
thereby minimizing requirements for almost perfect tool geometry

c. Qualification of the surface by in-process methods, more closely
matches the natural machine motions, i.e., circular arcs which

combine to give a spherical reference surface.

Other advantages become evident as particular points of the specifica-
tion are set (orth.

SUBASSEMBLIEKS OF THE SYSTEM

The machine supplied is intended to be a complete, self sufficient,
turnkey system and shall consist of the following major components;

a. a multi-axis turning machine built along the lines of a chordal
generator, having at least the capability for turning spheres up
to twelve inches in diameter with F nuimbers between F-) to Flats.

b. Adjustments and measuring means for centering the machine axes
and jor making precise limited offsets relative to the machine
center positions.

T~
1
v
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c. Dynamic controllinrg means on specific machine axes to respond to

contouring demands.

d. Computer based numerical control system which will store and/or
generate contouring commands, control various machine functions,
and correlate machine responses with apriori reference data to
monitor machine preformance.

c. Prneuniitic base isolation system, with self-leveling capability.

f. Machine control panel with capability for display, programming,
and override of computer controlled machine functions.

. Precision work-head spindle with appropriate means for holding
work pieces accurately, without distortion. Equipped with integral
drive motor, tachometer, and means for dynamic braking.

h. Precision tool setting means, means for verifying machine center
and alignment, and means for verifying machine axis offsets.

i. Sources for storing and means for applying lubricants and coolants
to the tool area during machining. These may be liquids or gases,
or both.

B Means for removing chips from the work area during the cutting

operation in a manner to prevent contarmination or scratching of
the work surface,

k. Balancing means for adjusting spindle balance when the work is in
place on the work-head spindle,.

1. Optical means for viewing the cutting operation in close proximity
to the tool while work is in progress.

m. An air supply system for the air bearings, chucks, controls, chip
removal, etcetera, as required by the system.

n. Calibrated instruments and gages necessary for setting-up the
machine and for setting the tools.

. Control system software, including the post-processor and exccutive
control routines for tvypical production.

p. Instructions and maintenance manuals necessary to pet the moachine
in operation, calibrate performance, pun parts, ind maintain 1 )

form A-541
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ninety percent up-time,

q. Defined warranty for parts, workmuanship, and hasic design in-
cluding limited assistance for installation, instruction, and repairs
included under the warranty,

r. Various shields, summps, ducts, cables, lights, connectors, bench-
miarks, and the like which constitute a safe, useful, reliable
miachining system,

1 2 RESPONSIBILITY

The intent of this specification is to provide a complete machining system
for the production of optical elements and the like,

a. It shall be the responsibility of the maker therefore to provide those
features not specified but necessary for a complete operational system,

b, Certain metrology instruments, work samples, and personnel familiar
with the requirements and use will be provided by the user for
factory testing prior to shipment and acceptance.

c. The supplier shall provide similar assistance during installation and
test at the user's site, Instruction and maintenance manuals will
be available at this time.

form A-541
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[N SO T C N ST G B TOR 1t ot I~
Phe tollowine oo st dorn o part of thos specification to the
eNtent o speditied, [ 1o -ie vecd shall be the one in effect on the

date of Reguest for o) ordron,
USER DOCUNENTS

e

STATE AND LOCAIL CODES

Naone

LS. GOVERNAMENT STANDARDS

Code of Federal Regulations Title 29, Chapter XVII, Part 1910
Qccupational Safety & [lealth Administration Standards

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)
NI'PA-79 Flectrical Standard for Metal Working Machine Tools
ELECTRONIC INDUSTRY ASSOCIATION (EIA)

RS-267 Axis and Motion Nomenclature for Numerically Controlled
Machine Tools

RS5-2%1 Construction Standards for Numerical Machine Control
AMERICAN NATIONAIL STANDARDS INSTITUTIE (ANSDH

X3.4 Code for Information Exchange

b5.51M Preferred SI Units for Machine Tools

15,9 Spindle Noses

JOINT INDUSTRIAIL CONFERENCE (JIC)

L. B Flectronic Standard for NMachine Tools

CONTR ACT DAAF-10-T0-C-0225

brarveraph 403 2 Gogds for precision neachined aptical part specito

it

> {)
2.1
) b
5
]
2.4
2 Z%
3
2,
| 2.
2.7
)8
form A-541
L




* Wallingtord, Connecticut (6492

————

Division of Kollmorgen Corporation

i, PHOUIREMENTS

The requirtements set forth are for a turnkey muachining systerm,
Therefore the system provided must be useful in 2 reasonahle
euvironmment, opurated by reasonably skilled people, and must
bhe capable of reasonable production under normal circumstances,
The transition from parts’ drawings to machine instructions
must be within the capabilities of 4 reasonably skilled parts,
programmer who gener.ates information which can be interpreter]
by a competent machine operator as found today in NC shops.
Specification of the machine, control system, and subsystem
components shall not in any sense detract from the overall
system goals and requirements as stated.

3.1 MACHINE DESIGN AND CONSTRUCTION

The machine constitutes the basic subsystem assembly, around
which the basic components and contrnls are assembled., The
machine configuration called out has been called out as a
chordal generator similar to the machine described by Battelle.
It is similar, so far as axes or degrees of freedom are con-
cerned, to the spherical generators which have been used to
grind optics for many years cr» to the machine which has been
furnished as customer furnished equipment for Option I of the
MICOM contract. In one sense it differs from the aforementioned
machines, in that the workhead spindle axis is specified to be
vertical and to have sufficient vertical travel to accomodate to
the variety of concave and convex surfaces which are to be
generated,

MACHINE BASE

-
.
—
e

The machine base shall be compact within the requirements

for size and machine motions demanded by the class work-
pieces described in l.1.a and within other useful requirements
for parts handling and machine operation. Length and width
dimensions shall he of the order of three times the diameter

of the niaximum sized parts to be handled. Depth of the base
shall be of the order of one third the length and width dim-
ensions. The design shall be aimed at maximizing structural
rigidity, inherent damping of vibrations, and long term stability,

form A-541




Q O + Wallingford, Connecticut 06492

Division of Kollmorgen Corporation

3, 1. l{con't)

Symrmetry of the machine structure around the work piece is
important, A sinpgle piece of granite is preferred as a building
block, although any better substitute would be considered within
the bounds of cost restraints,

VIBRATION ISOLATION

The machine base must be isolated f{rom earth tremors. It nay
be supported in a steel cradle to accomodiate a pneumatic izol tion
system., The overall natural frequency of such a system shoula
not exceed two (2) Hertz. The system must be self leveling

within the same bandwidth constraints. Connectors and attachments
shall offer similar isolation from outside sources including the
floor vibrations. Effectiveness of the base isolation system

shall be thoroughly tested as a separate condition for system
acceptance.

GRANITE BASE

The machine base shall be made of a single piece of granite

(or other suitable compounded -structure) with provision for
accomodating the other machine components. In particular

the upper surface shall be finished to the quality of a laboratory
grade surface plate and properly smoonthed and filled to
accomodate air bearing sliding components on the surface.
Through holes and inserts ghall be put in place before

final finishing. The overall block shall be smoothed and
trimmed for orthogonality.

3.1.2 SLIDEWAYS
Slideways shall be designed for maximum straightness and orth-
ogonality, Of particular importance is their day to day stability
for the useful life of the machine. All slideways shall operate
on a film of air to facilitate accurate setting and control, as
well as to minimirze wear and contamination.

a) The top surface of the pgranite base is the basic
reference against which machine coorinates are
measured, It must be lapped and qualified for a flatness
of 25 microinches over the total useful surface,
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b, A vertical slideway penectrates the granite slab some-
where near the machine center, This way must be straight
within a similar 25 microinch fron top to bottom of the
granite slab,

5.1.2.1 SPINDLE SLIDE (» axis)

The spindle slide moves vertically, normal to the granitc
surface, It shall have a useful range of eight inches

travel and shall maintain orthogonality of the work spindle
axis to the granite surface within three arc seconds over

the full travel range. The work spindle shall sit on top of
the spindle slide with axis aligned in the slide direction

within three arc seconds., Combined weight of the spindle,
chucking fixture, and workpiece may vary between one hundred
and three hundred pounds, The spindle slide drive and locking
mechanism must be capable of positioning and holding the
spindle height to within twenty-five microinches of desired
height with absolute locking stability within two microinches
for five minutes, The spindle slide ways must be protected
from contamination bv coolant and chips by machine way
bellows seal. Allowance must be made for later addition of

a lasergage to monitor spindle height. Gaging surfaces will
be provided on the slide to indicate height,

3.1.2.2 GANTRY SLIDE (x and y axes)

The tool drive spindle carriage, with related trunnions and
trunnion axis controls, is carried on a gantry structure which
may slide on air pads over the granite surface. This slide
provides for positioning the tool drive spindle axis relative

to the work spindle axis. Intersection of these two axes de-
termine the geometric center of the machine., During opera-
tion of the m~achine, the gantry slide is locked bv removing
air from th 1ds which form the feet of the gantry. With
the machine centered so that the trunnion axis lies above

the tool axis, the gantry may slide two inches forward, two
inches to one side, and six inches toward the back without
interference between the work spindle and the gantry structure,
Reference surfaces shall be provided along two edges of the
granite surface and on the spindle axes relative to one another
for machine setup. Provision must be made for later ac~
comodation of lasergage to this measurement. Accumulation
of error within the slide range shall not throw the trunnion

v
]
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axes more than three arc seconds out of parallel with the granite

suriace,
IFRUNNION AXIS

I'he trunnion axis is provided to permit tilting the tool spindle axis
relative to the workpicce spindle axis, after the manner of the

rotary table on the GEFF inachine. With the workpiece spindle axis
vertical, as called for in this specification, the trunnion axis is
horizontal, and perpendicular to the line of column travel. Provision
must be made to move and set the tool spindle axis through a full
range of ninety degrees plus five degrees at either end of travel.
Within this rance of travel, the tool spindle axis must lie in a plane
which contains a line of travel of the column.

TRUNNION TILT ADJUSTOR

Since, in a spherical generator of this type, the spherical center

is determined by intersection of the tool spindle axis and the work-
piece spindle axis, it may be necessary to adjust the trunnion tilt

to finally locate the surface relative to the workpiece body. There-
fore a fine adjustment and readout on trunnion tilt angle is required.
LLocation of this intersection is referred to as the machine center

in the specification. Where the gantry may be set to one side to cut
a toroid, the machine center is defined as the point in the tool spindle
axis, directly above the tool tip point of contact with the workpiece
when the tool is in its lowest position. Fine control of the trunnion
tilt must permit accurate adjustment of the machine center above
the workpiece surface to one part in five thousand.

TOOL HOLDER ARM

Provision must be made to accurately position the tool tip along and
away from the tool spindle axis. One or several tool holder arms
must be provided with necessary sliding surfaces and means for
fastening to the tool spindle face. Each arm must be provided with
an articulated tool holder which permits pre-setting to tool clear-
ance angle, azimuth, and desired portion of the tool radius. The
tool holder arm may be I shaped for concave surfaces and . shaped
for convex surfaces. Since uniform feefd of the tool across the sur-
face is a necessity, it may be necessary to balance the tool arm.

assembly in order to minimize the servo eriors in the tool feed
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svstem. bxtrense rigidity in the tool holder armo is a0 necessity,
as 1s stability of the fasteninegs to the tool spindle tace and o
the tool itscelt.

L R MACHINE CENTER ARDIUSTMIENT AND STABILITY

In the composite machine structure heretotore described, it shall

be possible to adjust and set the machine center within an error
sphere of ten microinches diameter. The machine center g

be defined by a gage ball which is miounted on the workpiece spindle
relative to an electronie probe which is cerried on the tool spindle.
When the two spindles are simultancously rotated with null indication
of the electronic vape, the machine axes arc deemed to intersect

at the machine center which is also the center of the ygape nall.
Retference points and/or surfaces shall be provided on the movinu
members to measure and indicate the relative motions of the various
slides and arms to the desired spherical error envelope for machine
oftsets within the specified limits of machine motions.

The machine center shall not deviate from the gage ball center miore
than five microinches in any direction as a result of thermal drift,
vibration or forces usually encountered over three times the cutting
period.

3.1.2.7 DYNAMIC CONTOUR CONTROL

The machine configuration so far specified may be used to produce

a variety of spherical surfaces which may be concave or convex.
I'lat surfaces may be produced by bringing the tool spindle axis
parallel to the workpiece spindle axis. For the production of as-
pherical surfaces, which may closely fit the machine's capability for
certain spheres, provision must be made to dynamically adjust

the workpiece relative to the tool tip continuously during the machin-
ing operation. When the tool axis is chisplaced laterally in the
direction of x axis motion, the machine will cut a toroidal surface
which may fit the desired aspherical surface much better than the
closest fitting sphere. In this case only minor dynamic adjustn.ents
of the x axis will produce the desired aspherical surface.

2-10
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CONTROD b WOREFPTECE SsPHD E AXDS

lne colunm supporting the worlpiecc spindle niay be dynansically
controlled in the » dirvection to acoonplish correction of the
natural tool tip motion to produace the desired aspherical
SLridace.  Innost cases where the toroidal tit is accomplishedd,

dynaml corrections tess thaon = L 00l as anticipated,
CONTROL O T RUNNION ANIS SEID BEARING

Dot to the aspherival surtace naay be accomplished by dynamic
control of tins shdine axis. Depending on Fonunmiber of the
called tor sariac e, stope iy vary trotn five (9) or ten (L)
deurces upward,  Since this miotion has o large component

i the direction ot the toul tip as resualts from rotation of the
tool tin ws results fron rotation ot the tool ixis, this motion
results in a raising or lowering ot the dynamic machine center.

CONTRO!L OF THE TOOIL ARM LLEENGTH

Corrections may also be obtained by dynamically changing the
tool arm length by appropriate actuator nieans.

CONTOUR CONTROL SERVO SYSTEM

Howsoever this dynamic adjustment is accomplished, the actuators
and transducers involved must be combined in a servo system

with sutficient bandwidth and range to fcllow commands fron a
contouring control which is programmed to compensate for the
differencebetween the desired asphere and the best fitting

natural surface ordinrily produced by the machine.

MACHINE SPINDLES

The machine requires two precision spindles whose combined
performance accounts for the ultimate finish and figure of the
surface heing relatively oriented by the slides and trunnions
alrecady described in 3.1.2. Since only the spindle housing are
carried in these machine elements, the effective spindle axes
suftfer the additional errors of runout, camming, and coning

which have been thoroughly detine by Bryant at T 1.1.. The effects
ot surtace tigare and finish are determined by contponents of these
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spindle errors along the normals to the work surface.
WORKPLICE SPINDILE

Thne workpiece spindle will operate with spin axis vertical. Its
tace plate shall accomodate work piteces up to twelve (12) inches
in diameter. Weight of the work piece plus suitable chucking
appliances may be as much as two hundred (200) pounds., The
spindle speed range is to be zero (0) to fifteen hundred (1500)
RPN with the work piece - chuck assemblage dynamically

balanced.
SPINDILE DRIV

The spindle drive motor shall have sufficient torque to accelerate
or decelerate the work piece combination to fifteen hundred (1500}
RIPM in one (1) minute and also to take a cut . 010 inch feed/
revolution. FPart height plus fixture may be as high as six inches
above the spindle face plate. The spindle drive motor plus a
tachometer shall be mounted integrally on the spindle bearing.

. enindle speed tachometer display shall be provided to indicate
speeds between zero (0) and fifteen hundred (1500) RPM at the
contol panel, Control of spindle speed may be manual to provide
a continuous range of speeds.

SPEED CONTROL BY COMPUTER

The motor-tachometer combination may also be used in a closed
loop speed control as part of the machine control system.

SPINDILLE BRAKING SYSTEM

Braking of the spindle may be effected by dynamic braking or
reversal of the drive motor. The braking system may respond
to control by the operator or interlocked into the control system
to respond to emergency conditions such as loss of air pressure
or control power. In an emergency, additivnal braking power
may be applied to overload the motor temporarily.

TOOI. DRIVE SPINDLE

The tool dirve spindle may operate at any attitude between hor-
izontal and vertical. It must rotate the tool holder assembly

at least one half revolution at very slow specds, generally less

2-12
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than one RPN, This spindle must be extremely stifr and
stable, in order to provide an exact circular path tor the tool

tip during the cutting cycle.
3.01.3.2.01 TOO!L DRIVE SPINDLE FEED

A feed system must be provided to rotate the tool drive spindle
at slow precisc speeds from one revolution per hour up to one
revolution per five minutes. The speed muast be smooth andd
firm without jerkiness, backlash, or softness in the teed mech-
anism. The idea is to have a uniform teed for ecach turn ot

the work picce spindle. A 10 percent irrepularity in a . 00017
feed is just about tolerable. Converted to angle for a five inch
tool arc, this is two micon radians or 0.4 arc scconds.

3.1.3.2.2 TOOL DRIVE ANGULAR READOUT

Rotation of the tool drive spindle is the independent variable in
the equations which described aspherical surfaces. Position of
the tool tip should be known within . 00025"", or ten (l0) arc
seconds for a five (5) inch tool arm. An angular readout with
analogue to digital conversion for entry into the numerical

control system is required. The least number processed should
be 0P 001, over a range of 45°. (Note format of the digital entry.)

2-13
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L2 P NIA T T SPPEEY  ASD CONTROL Y SR

Aaeamatic Supply o oand Contral o sostene shall <apply conditioned arr

o e Hie g -, control, covd gntertock s tor the asphnerical cenerator,

ool have cariporent conrrolb s, dieeplavs, reg dbaor-, and aotagore.
essary ar o operation of the copnplete svstens owitoont the roe eryoa)
cortrol oveten herns e e Pl machine vy e set o up and

aporated completely trony the puenmatie supply ond control syvsten

puels and actaators, Stenals tron: the contral svsterm will o ae

poovided to the numerieal control svsterm for its proper functioniny
and satety featvures., Fiys shall ancbade soenals weoch wall o aoraate
the spindle drive systens and the tool spitidle drive system. At thi-

Jevel of operation the aspherical venerator may be used to tarn
sphertcal surfaces, tlats, and toroidal surfaces which are produces!

by an offset of the X axis.

30201 AIR PREPARATION AND CONDITIONING

This system shall be the interface between a suitable shop supply and
the pneumatic control system. It shall condition the shop air by
filtering, drying, and regulating so that the air is suitable for the
control system,

3.2, 1.1 The air preparation and conditioning systecm requires shop air within
a range of 80 to 110 p.s.i. page with an available flow of 10 s.c.f.n.

3.2.1.2 FILTERING AND DRYING

The filter system shall include a coalescent filter to remove excess

0il from the shop system before it enters the filtering and drying
system. The coalescent filter will be followed by a dryer which will be
followed by a regulator and small particle filter which removes
particles down to size of 2 microns. Air at this point will be
distributed to the various controls, bearings and actuators of the
control system.

5.2, 1.3 A compensating tank with check valves shall be supplied upstream
from the filtering and drying systems. 1t shall have sufficient capacity
ta provide at least 5 minute operation at the rate o 10 s, c0f, me withe-
out reducing pressure to the revalators below the nunimum of 70 p,os.i.
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AR Connections between the air preparaiion system and the control
enclosure shall be accomplished by shut-off disconnect fittings

with 1/2 N, P,T., size.

S22 CONTROI. SYSTEM

-

This system shall perform all the necessary machine functions

to be specified in this section, and contain all necessary components
such as gaves, regulators, indicators, lopgic elements, connectors,
tubing with necessary mounting brackets and enclosures. They
muast be located in an easily viewed and wccessible manner for
proper machine operation and easy access to the operator.

CA | CONTROIL SYSTEM FUNCTIONS

(1) Is to supply constant regulated pressure to the tollowing at
+ 1% regulation.

Ao Tool feed air bearing at a pressure of 80 p.s.i.g.
3. Work spindle air bearing at a pressure of 80 p.s.i.g.
C. Sleeve air bearings (two) at a pressure of 80 p.s.i.g.

D. Angular adjust ment sliding bearing at a pressure of
80 p.s.1. .

. U axis pre-load cylinder at a pressure of 50 p.s.i. .

F. 7 axis pre-load cylinder at a pressure between
3 and 10 p.s.i.g.

(2) Supply Controlled Regulated Pressure for the following items,

A, Gantry feet-an on-otf control on the pantry body with
regulated pressure of 80 p.s.i.u.

3.t Ancular loading Mechanisn - an on - off control on
tool teed carriave with revualated pressure between 40

and 00 p.os.iop.

C. Guide Bearinegs with v to 1o Ihs, posaioe. reculatedd

pressure to the cyvlinder housing asseribly,
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S0l AOANIS LIFT CONTROLAND TLOCHE
/o axis actuator is a vertical Lt colun.,
Colunn position is controlled by o three position spring centerer]
switch, centering in the lTocked position. Functions of the switch
are as tollows:
AL Lt is accomplished by applying o repulated pressure o
10 to 1» pos.i. e, to the cylinder hoasing. Time to pre-
ssurize the housing shall be no greater than o scconds. Al

this tine the puide bearings are pressurized,

3. lLocking is accomplished by dropping the pressure to the
puide bearings and applying a regulated pressure of 35 to
10 p.s.i. - 1l to the cylinder housing.

C. lowering of the column is accomplislied by applying pressare
to the puide bearings and dropping pressure in the cylinder
housing to atmospheric. Time to evacuate the cylinder houas-
ing is to be no greater than 5 seconds.,

) MACHINE INTERLOCKS

Machine interlocks are provided to ussure operator safety and to
prevent damage to machine components or parts being produced.

I MACHINE FUNCTIONS

A, Gantry Feed
B. Index Gear Disengage
C. Work Spindle Coluimn

are all machine set-up functions and are to be interlocked one to
the other to prevent accidental motion of one while another is being
operatoed.

5.0 MOTOR INTEERLOCKS

1) It any tunction related to machine set-up, gantry feed, index
vear disenvage, or work spindle columin is actudated a pressure
switch in the control circuaitry shall 1nterrupe electrical power
eoeither of the 2 spindle nmotors and engage any motor brakes or

stops prosided,
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2) Motor Restart - When the interrupting tunction is releaseced,
4 pneumatic titmer in the coutrol circuitry shall engage miotor
power and release all motor brakes and stops at a predetermined

delay time between 0 and 30 scconds.

3.203.3 A low air pressure warning system shall be incorporated into the

control circuitry to accomplish an orderly system shutdown
and alert the operator to the problem when pressure ahcad of the
compensating tank drops below a predetermined level. A sccondary
low pressure warning system shall be provided to detect pressure
drop to the

a) tool feed bearing

b) work spindle bearing

¢) the slecve air bearings
System shutdown may be accomplished by the N. C. system when
it is in operation. In the event of manual control the shutdown
signals shall go directly to the various motor relays, brakes, and

pneumatic switches.

3.2.4 The pneumatic system described herein shall be tested at the
seller's plant to demonstrate compliance with this specification,
If the seller requires use of user supplied equipment, it shall be
supplied upon agreement of user.

3.2.5 TEST PROCEDURES

Testing at the seller's plant shall be accomplished by using
appropriate pressure gages to measure control system outputs

in lieu of rmachine.
3.2.0.1 A. Using The Control Panel Gauges Set

1. Tool Feed Pressure at 70 PSI
2. Work Spindle at 70 PPSI

3. Sleeve Air Bearing at 70 PSI

4. Angular Ady. Bearing at 45 PSI

5. U axis preload Cylinder at 50 P’SI
6. Gantry Feet at 45 PS}

7 Index Mechanism Diseneage at 45 PS|
8. Work Spindle Column

A Preload Bearing at 300 Sl
D1 Gadde Bearines at b0 sl
o Balanoe a0y 'S

bt at e b
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R . Foanction Test
USing proven accurale pressure Juues tneasare output
ot control systen o the following points.
a) Gantry Feet
by Index Moechanismm Disenuage
¢}l Guide Bearings
4y Preloard Bearings
el Balance Pressure (Work Spindle Colwn., i,
Balan. o aond Down)
2. With work spindle column in the lock norde:
a) Inegave Gantry IFeet Function (in this mode)
1. The Lock DRisengage Operator and the Work
Spindle Column Operator should not function,
2. The Test Gages Should Read:
a. Gantry Feet 45 PSi
b. {ear Disengage 0 PSI
c. Preload Bearings 3.3 PSI
d. CGuide Bearing 0 PSI
e. Column Pressure 3.5 P5I
3. With Gantry feet and lock disengage function in the of! posi-
tion:
a) Turn the Work Spindle Column Operator frorm: the
lock to the lift mode. (In this mode)
1. The Gantry IFeet Operator and the lock disenuvape
Operator should not function.
2. The Gages Should Read:
a. O PSI
b. 0 PSI
c. 3.5 PSI
do 1 PSI
e, 10 }S1
LY Turn the Work Spindle Colunin Operator from the
lock noode to the down mode.  (In this mode)
1. The Gantry Feet Operator and the Gear
- discengace Operator should not tunction.
g, The tiaves should Read:
- U (R S
. ) 1'S1
ceoo o Pl
. IR R |
S SN
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SOSY ST RN

Lhe Contraller is o digital "CNC" positioner for autornatic
control ol (2 to 4 axesi. It ases A mlcroprocessor to nointmmize

the nwsber o parts, and o the sane tine, provide tnaxinun

versatilitv.  The systen. uses o 12 volr ONMOS bus and logic to nro-
vide hich-noise innouanity which s 10 tinies better than 1T
ciroudts. This capability enbiances its use in tndustrial cnvicon -
ment, providing hich perforriance and rveliability at low cost. [nis
systen: is provided in either configaration listed below, or any

Corrsbhination:

Internal Memory N'GC-Progranis are stored in Loree soale
semiconductor memory. The data are entered fron the
tront pancl keyboard allowing easy editing and correction

of data.

Commands can bes Incremental and ab olute positioning,
velocity, M tunctions, and offset, in addition to optional
linear and circular interpolation, and subroutines.  Star-
dard memory enables the storage of 1800 characters
{(about 300 individual commands), with 20, 000 character

storage as an option.

PROM cards are available with built in PROM progran.aer,
so that the data from the internal memory can be storec into
the PROM cards. These can then ne removed and re-used
whenever the job has to be repeated.

The NC System shall perform the following:

I. Simultancous axes positioning.

J. lincar or rotary stages, up to 4 axes.

5. Incremental or absolute format, miixed.,

4. longlish or metric, switchable.

~o Resoluwtion can be spedified as ool J0onl”, ooonnl
O, 00l or fraction or angular units.

L. Point-to-point positioning, lincar and circular inter-
polation tor contouring.

Coo Tlone and ofrset honae o repeat too fraction ot
ount,  cnven atter power  shit —dow .,

Prrocsrar mdble NY jans fions,

Fooremn A 741
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' ool oy procran e aelay s,
i Prociean e oanle specds 0T T, tao o000 e,
I Naonal conan and fron Povboare ol jovstice.
L. Batlt-in neennory that con bhe prosrar teoed tran, tront paed,
i Socuence musher dlsplaoy oand search tor blooy o ber
e sabroutine storave, which can he reodled ny one Liistra v,
1 Peor cards that copy interng nen ory and coon thern bhe
pluceed 1nat o Jater date 1o repeat the proran.
I, Foiit” capability fron. keyboard,
17. Comrands can be entered trone the con pater,
I~ Uses Iincar or rotary encoders, and closed toop 1. O
servo systen tor higvhest acearacy.
190 Step and repeat progran,
20 C. R display 1o nhonitor position and commands, aond
facilitate editing.
oo il] FTOOLL AXIS
This axis, the independent variable, shall centrol the other axis.
i) Rotation: b 135° Maximum
by IFriction: 1 - 5 inch-ounces ; R
¢t Inertia: Approximately 10 x 1077 Lb-Ft-Sec”
41 Speeds: Continuously adjustable
1) Cutting -- 5 minutes per revolution (max)
500 minutes per revolution {min)
2}y Tool Return -- Approximately 30 seconrds
per revolution
3)  Accuracy -~ 1 to 3%
) Speed Angular Steps:  Adjustable Down to the resolution ot the
inductosyn or approximately 3 arc scoonds per mininun: step.
i 1. C.Motor: Torque: 00 inch ounce peak
Ripple: 6% Max
Totrque Sensitivity: 3005 oz, in. Jan:p
D C Resistance: 8.4 ohs
Inductance: 8 mil hy
Static Friction: 1.7 os. in,
J-20
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S o hoay cter

Voltare Sensitivity: Jol volts/radr on o seconds
VO Resistanoce; 1230 ohps

Induactance: oo il hy

Ripple Voltave: (.5,

Static Friction 2.7 osain.

h 1Co Power Amplificr

Linear Scervo Drive Amp,
Output Voltage: 30 v max.
Current: L2 an ps max,
o amps continuous
Velocity Control: Quartz crystal + . 1%

Dynamic Braking included in Anmiplifier
Amplifier Controls

IHCurrent Limit 0 to 12 amps
2) Rate Feedback Gain 0 to 100
3) Gain (with pre-amp) 10 to 1000
4) Gain (without pre-amp) 0-3
5) (Uifset + ldegree
(normalize to tool shaft)

1) Inductosyn

Sivze: 3 to 4 inches

Poles: 300 to 312 (sine & cosine)
Avivuracy:+ S>arce sec. (over 360 Deg.)
Sensitivity: 0,25 arc sec.,

Carrier Frequency: 10KhZ 4 3%

-
-

. OAXIS (LINEDAR)Y

Its position 4 function of I

A Sinear Jravel: +0.001 inches

by Friction: 0 to 2 inch/ounces

) Inertia: 150 pound mass

Ay Speeds: 0.001 inches per 5 seconds (max)

0,001 inches per 500 minutes (i
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LD pcon'h
¢y Operational Hi- Voltapge Amiplifier
Cutput Voltage: 0-1000v DC
Bias Adjust: 0-1000v DC
Pand Width 160 TH/ (o 3 b points)
Output Current: 20 ma rnis
Cialn; 0-200 non-inverting
Input hmpedance: Approx. 120 kohimns
Regulation: 0-1% for 10%, linc regulation
Ripple & Noise 20 mv rms max.
1) Fecdback Components
lancar Range: + .005 inchs
l.incarity 0.25%
Sersitivity: 2.7 mv out/volt in/. 00l inch
Phase shift: approx. +70 deg.
Carrier Freq.: 2500 HZ
Input Voltage: 3 v rms nominal
g) Feedback Amplifier
Analog. DC Output Signal : 0to . v DC
Output Current: 20 ma max.
Freq. Response: 250 HZ (-3 db internal
filter)
Ripple & Noise: 15 mv max.
Stability: 4 0.05% (full scale, after
30 minutes)
Hysteresis: 0.05% max.
Output Impedance: 2 ohms max.
Giain: 500 mv rms in for 1Ov
DC out
to 75 mv rms in for 10v DC
out
[nput mpedance: 100 K ohms
Regulation: + 0.1% for 1 10% line
voltage

NOTE: The lincar feedback infornation can be obtained trom
the DTR 450 in BCH or Analoy tormat or precessed
directly froni the 1LVDT via a bulfer amplifier (4.5 K2

as requested,

(v
'

I~

I
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3.3 S ANIS (ROTARY)
This speed a function ot b
a) Rotation: Continuous one direction
by Friction and/or Torque: I - 10 inch/ounces
¢} Inertia: Variable 10 x 103 to 0. 4
Lb-Ft-Scce
d) Speed: Continuously adjustable fron
20 RPM to 1700 RPN
¢) Accuracy: lto 5%
fy DC Motor
Torque: 143 Oz-In Continuous
Speed: 1775 RPM
Power Out: 1/4 HP
Current: 6.0 Amps
Voltage: 45 VDC
Resistance: 0.8 Ohms (@25°C)
Torque Constant: 29 Oz-In/Amp
Friction: 12 Oz-In Max
g) DC Tachometer
Output: 10.5 Volts /KRPM
Ripple: 3%
Output Impedance: 1.0 Ohms
h) DC Power Amplifier
Linear Servo Drive Amp
Output Voltage: 60 Volts Max
Current: 15 Amps Max
8 Amps Continuous
Dynamic Braking Circuits Included
Velocity Control: Quartz Crystal + 0. 1%
Amplifier Controls: -
1) Current Limit 0-15 Amps
2) Rate Feedback Gain 0 to 100
3) Gain{w/pre-amp) 10 to 1000
4} Gain{w/out pre-amp) 0 to 6
5) Offset Adjust + 100 RPM
i)  RPM Display
Digital
Accuracy + 10%
Range 0 - 1800 RPM
2=
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E P QOPERATING MODES:

o201 i. Manual Data Input (M. D2, 1.} ~ The operator can enter data {ron:

the keyboard in all modes. Data is enterced and executed onc
block at a time. It allows for such immediate operations as
settirg offsets, velocity, or moving the tables to specific
positions. The commands are not entered into the N Comiemory.

5.3.2.2 2. JOG-ON/JOG-0OFF - When the jog-on key is depressed, it allows
the jog butlon to actuate the drive. In the job mode, the CRT
display displays (JOG). When the jog-off switch is actuated
the display of YOG is removed and the jog buttons are inhibiterd
from actuating the drive.

35.3.2.3 3. i.dit ON/OF} - The system contains an edit switch, which can be

actuated, to allow editing. The CRT display will then change

from the display of position to the display of commands stored
in memory. To go back from edit mode to operate mode, the
edit button must be depressed again.

3.3.2.4 4. Automatic Operation from Memory - When AUTO button is pushed,
the system operates from the built-in memory.

3.3.2.5 5. Automatic Operation for Prom Card
3.3.2.6 6. Automatic Operation for Computer
3.3.3 NUMERICAL ENTRY - Data can be entered in a similar manner

to that of calculator.

The entry of +2.500 is the same as 2. 5.
The entry of -13.00 is the same as -13.
The entry of 0l is the same as 1.

3.3.4 KEYBOARD OPERATION - The following is a list of keys in the
standard Anomatic keyboard with associated functions:

3.3.4.1 MANUAIL DATA INPUT KLEYS -
F - Indicates teedrate {axis spoed)
¢ - Used for ¢ functions -~ Sce section 4.0
I,J.b - Used tor contour connrands - deteripines the position o
* center of rotation,
| - Also used tor Jump Concn ands INCG - Tamp to N29Q
[N - U sed tor subroatine calls

xample: FON3@AL This calls the routines that start at sequence

)
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NGAY and continues excecuting code until Mo is exeonting.

N I'sea tor M functions - Sce sollware Description Manual.
N~ Also used for secquence numbering.
R - The Repeat Function,

N. Y./ - Used when conmmmanding any of 3 axes in the machine.
Voo Indicates Variable.
Vito V027
- Indicates "F'QUALS used in cquation notation.
Foxaniple - VI X
- Divide
- Indicates quotation narks.  Usced when characters, symbols or
nui e rs nast be transmsitted on the RS232 connection. Any
charadters, synonols or nunibers transmitted vetween quotation
nitrks are not operated upon used for headings, data clarity, cte.
- Mualtiply
G v - Nambers
.- Indicates decimal point
SPCE - Indicates space (Blank Character) used typically for data
transmission clarity.
- Suan  (cr positive nun.ber)
- - NDi'terence (or negative number)
Cch - Clear Fntry (Clear last digit entered)

5.3, ENT /T XE

When depressed, the system executes the MDI, (Manual Data Inpuat).
When in the Edit Mode, it causes a carriage return to be stored in
the memory. The carriage return causes the excecute function to
occur when the stored code is decoded by the CPU (Central

Processing Unit).

3.3.001 Cl.R BLK - Clears the total entry (In MDD NMode) or clears block
where the cursor appears (In FMt).

5.3.0 ERIT MODE KEYS

3.3.6.1 EDRIT/EXIT - Depressing this key while the CRT displays
the axes information, places the CPU systent in the "EDRIT' Mode.
Depressing this key while in the Bdit Mode retarns the system to
the normal axes Mode.o . The Fredit Morde is used tor:

I. Changine NC Colde that 1s 10 RANM
2. Progran ning BEPROMNMS
4. Searchine for blocks of SN0 Code thit have sequence nun ners

4. Writine new NC Caode that will co o FPRONS

)y L
Y
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PROG PROM

This is depressed when new NC Code 1s to be stored in FKPROMS.
This new NC Code must be in RAM. The CRT Display will dis-
play " ARE YOU SURE » (Y/N) ', after the PROG PROM key is
depressed.  If the user wants to program the PROM (S), the 'Y!
key should be depressed. If it was an error, then 'N' should b
depressed. When the programmer is finished, the CRT will disp'
the number of Bytes programmed.

READ PROM

When depressed, the system reads all of the NC Code in the
IEPROM and stores it in RAM. This is used for editing NC Code.

SRCH

When depressed, the system displays the word 'SEARCH' on the
hottom line of the CRT. The user then enters the sequence number
of the line he wishes to find in RAM., Then the '"ENT/EXT' button

is depressed. The display will be switched such that the requested
sequence number is at the middle line of the CRT under the reversed
field cursor. If the sequence number does not exist, the bottomline
of the CRT displays 'NOT FOUND'

CLR MEM

When depressed, the entire edit RAM of the system is cleared. This
is used, typically, after making new PROMS and wishing to test the
operation from PROM.

JOG KEYS

JTOG OFF

Fliminate JOG Mode - In addition this deactivates the following keys:
THOME" "RESETY '+ Y', ' - X', "FAST', ' +X', ' -Y', "+C',
CCALIF', "RETN JOGH. NOTE! WIHEN SYSTEM IS FIRST POWLER -
D, THIE SYSTEM DOES NOT HAVE JOG MODLE ON. THEREFORLE,
T IS NECESSARY TO DEPRESS "1OGY BEFORE SYST M CAN BE
COMMANDLED TO MACHINE HOMEL,

JOG ON

Fnables jog keys described above

2-206
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S D FRONL S
When depressed, all axes are commanded to niachine HONEBEL Al
axes status are shown as "HOMIE' until the system is HOMIE when
"TREADRY appears under the status Heading.
30T RESET
When depressed, sets current axis positions to zero.  Also
when depressed commnands specitied axis to JOG,
AP PR FAST
When depressed, 1t reases oG speed.,
5.3.7.w CALIB
Used when an axis or axes has been JOGGEI.,  When depressed,
changes the displayed value of the X, Y, and 7 position to the
positional nuniber that the three axes were displaying prior to
depressing any ot the JOB battons,
3.3.7.7 RETN JOG
U sed when an axis or axes has been JOGGEDR. When depressed,
moves any axis or all axcs that have been JOGGED back to their
original position - the position of each axis was at prior to JOGGELD,
30300 AUTOMATIC EXECUTION KEYS
Ao sa AUTO
When depressed, commands the system to execute all incoming
commiands either from PROM or from m:emory. CRT Display
shows 'Auto' on status line.
R R N STEP
When depressed, commands the system to finish current command,
(It not commplete, CRT Display shows "STEP' on status line.  In
order to continue exccuting NC Code internaily stored, the operator
st depress "TCONT').
T
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Corn

U sed to corrraand the O tn ooxecate the et jnternal comnar aned s

sveten in step rode, one bloos gt o e wall he excoutedd,

I T LW NI
When ceprossea, causes the SNE T connmnand Block to e oat the
beoinning o 2 C PRON, Places systen. in o step MO

I SN BKST T
When depresse-l, aborts current consnand and causes the next
cotntandg Block to be at the bepinning of NC PRON. Places
system in sten Noooo

L T T ) MEM OLU I
When depressed, while the system is in the axes mode, the CPU
transmits the entire contents of the FDIT Mode onto the RS232 port.

3. 3.4 JOG POSTTIONING
Fach axis is independently controlled by jor switches. All axes can
be jogued simultancously or independently. If one of the axis direction
is depressed, the table moves by one step initially, then moves at a
constant slow speed. If the fast key is also pushed simultaneously,
then the axis will move at high speed.  To move any axis one step at
a time, depress the jop key miomentarily, (and releasing the button
quickly)., A1 the end of jogeing, the operator may exit by pushing
calibrate, return tronm jog, or simply enter a new command.

3.3.9.1 CALIBRATE
This switch van be used after jopeing.,  When -lepressed, the axes
do not move, but the displays are set to the previous command.
Foxamiple: If the position of the axis was 5.000 and the operator
joes the axis by . 241 , then the axis moves to 2. 241, Now, it
the calibrate nutton is depressed, then the display goes to ». 000
without moving the axis ;o in this moanner, an otfscet is achicved
which is cqual to the anount of jor. Reset ases the same oftscet,

2-2N
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N Prrogram Stop

I'he

can then ne started by pust-

Machin s stops atter conapletion o all conanands in the slock.

systoem ~eturns to step nwadee, Prraoran

tne either,

AL Continue Bution: Sy stern rerrialns in o sten mode aoting
!
arone bhlock at g tine,
B, Auato: Svsterns cotonaatically pertorn s stens i

scequence, in accordance with data pro-
O,

t.ned ot Program

A function indicates completion of provram., The provran. is then
restarted, (as with RSTRT key), exccuation of prograrn: continues.,
It M2 does not exist at end of progran,, operator must push restart
to start the prouran: again.

N Bnd of Subroutine

M30: Clear Meniory and wait for Input
M9y:

PProgramimable Reset

Resets current position to - cro., (Does not show offset on display,

will show it only when you push home),
Reset apain.
MAaG: Home on all Axes

(If one axis is to be home:M99y).
This sends machine home, independent
otfset Home M99 XO YO Z0O CQ.

MI100 to M195: Ou .put Function

These are output functions.  Pach cven

the odd @ turns it off. Fxample:

(100 turns it on, 101 turns it off.,

M2 to MZ224%: Tnput Fanction

I he s

SOurs os wihils oo

Ate Inpal b tions,

re e ked throavh thie

» '}

St as switches or 1

To clear it after Hon c¢:

To clear offset M99 ent/exec MY8 ent/exec.

If two axes to be homed MY9 X MA9Y .,

of offset. [f one wants to go to

turns the function on, while

the same tunction is actuated by 100-101,

TI.

input trom external

progran.
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I N A N O B !

e Cartinnems Voelooity Nt

Pircar

¢ !i)u]..llu;\

Care o biterpolation (Clockwise)

Crrculbaor Tnterpolation opposit lireo o or 0 e o ey -

oo Ewrsen

Prwe ]l Corron e

[he dwell comm and pertnits provratinning of a timne delay, to
prevent wivance to next block until the preramined tinae has
clapsed.  The dwelling tirre can be progran merd tron .00}
scconds to nd sevonds, acenrate to 3 amscees.  The delay hias
to be preceded by (Noo For example, G4 X 9.1 (scecondsi.

Delay oceurs after table motion and M Fanctions in that nlocw.

Continuous Velocity

Used for output of messages and data

Output characters on the RSZ232 port, conputer intertface, or
IHEE interface.  Either axis data, variable vadues, alpha
characters, or any combination. The G55 must appear ot the
beginning of the block. Any data or variables are stated as de-
fined., Any messages to be included are to be enclosed in quu-
tation marks. PFor example, "X would transmiat Xoo However,

X without parenthesis would transmit the value of X.
X Gos XX "Y' Y /70 AV VL

[i the above command was executed, the tollowing would He
printed.  XOO, OO0OO0OYOO. OOOOZ00, OO0 V1 OO, GOOO

L4020 Cin'ge ['his sets the dimensional value o cach count ot the axis that
15 displaveds Lo modity the axas, the user would type:
X .0olLYy .o02 L0020 This example would nake cach X
connt O, 00l and ecach Y and count 0, 00,
2-30
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d H (SN ' A
Lt Uorqidesl e
ol . N TR Coanl
HEETR R S e M 1S e rser Yo b 0 s tanda ) ot tron
[ T N AR SR S5 EAN RN I SH S PRI A B T S SRS H S5 P AN RS ENS B SN SRS I S RN e RS
)ll\\l
N Wl is s a o lltsecord poalse art MY o
. P [N teery o
Co B2 Woaldd o as e sooyroatrae T s v e cadled tor
Cvery et ed Dlos k. Tather stancdia et operation 18
Coancelled oy T st e o o, Jorver s s o pern; oitte
to hase cither, ot any e, Dot ot poth siocdtaneoas)y,
AR ! R Cori ans Sl
The cnX conand allows the oot of 4 ooy and to g
1x1s to He shracken, nocontieds, or e erieds fenendias on
whether the conrn andd 1o less than one, Zreater than one,
or necative.,  When asesbowith e ular internolation, Hoth
axes ot the crrcle shoald He <caled the s o0 Foar exan ole,
,
iy XL Y s oales o
(Y S U v Cor nments
Allows the aser to enter Comaarents o s W0 progran [
SYSTen 1onores avythiny 1w o Hhlook ap co aed v baedong,
the (arriave retarn.
P i Coyoveer? I'is—i)l.s\' to oo lish nrts (i boes)
Converss displas andanterpretation of Cop eoandds to cinclish
St (Tt SY Curee v e G0 s e e b
! ‘ Coayre ! by oo crope antts e e e
[ Pl oo ) Y , o
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N S SRV ENCGTD SN NB T 00 o BONTANINGD N
lhe scequence e boer is preceded with the Jetter adaress 0

[t 1S uscd s o relerence, ddentirying position and/or uperations

tor o subroutine deinition and L ps.,

e secnence unn bher allows thic operator to searen tor that Hloow
i ’

and then start the proaraer ot the point,

oo ANIS SPERD (1) COUR RIS, 1000 MAXIMUM

The speed of the Axes can bhe controlled by enterine I, followed with
I Y ,

the specerd.
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Lroe s achiine and asntrols shiaddb oo tesied ot the niakerts plant 1

errionsteate, Al re asonanle tS st aee, thot this S})"(ili('«d]()li
as peen cornplicd withi, The a-or coserses the right b witon -5

Ihese tests. I the seller reguests ase or nscr equiprirent, 14 snodd
He aperated by aser personnet. Loesting, coquproent, ang nros edare -
described bnthe tollowing renresent the netnods preterres o
aser. Alternadiie tes procednres asenatby o reed apor ny e s
he aser e deenied ognseaaent,

vy b snbstitated provided written asproval is o obtadned o

anedl sedler, which 1novhe oplidon ot

amer orior tooawird o e parchase crders Finad tesis o
Delow will be periornaed ar the user s tnstallation aar oy e =
videid or obscerved by the seller’s representative. Saccessial

con pletion ot these tests, and Inspection to veriny that ali other
requirenents of this specification have been noer, will be the Dasis
tor tinal acceptance. N/C control prograins necessary to perior;
predelivery at the seller's plant will be furnished to the seller oy re
nser. These progranss will be requested by the seller ot feast &
weeks prior to the actual date ot testing. The total nar crical conorol
trachine tool syster, functioning in all rvodes, shall be availasle

for verification ot the uscer. Proms will be prepared at Teast Dwees
prior to the start of the actual testing at the seller's plant. The
program verification shall be periormed by the scller's personnet.

User personnel may witness the test runs.,
THST OF MACHINE ASSEMBLY, COMPONENTS, AND T ivAaTsT T obiny
MACHINE BASE

I'he machine base shall be inspecte D ior mechanical intecriny, o
farmance to drawings, protection o the exposed surta. os, anid tie
venceral mounting on the tloor el Teveline.  Situaition of the o e
with ddequate working roon: o tie necessary envirommental con-
rditions such as temperature, haniidity, absence ot draits, and
venceral cleanliness shall be observed,  lectrical power and the ailr

supply shall be checked along with services Tor the testing instr myents

VIBRATION ISOLATION

Foanction of the poewatte sibrotior dsola oo o il e s o e e e s
Cre o sec T e ations for Towe st Cxr -Gl free e r oy s b o i e

e tante, T nay be o acean oicshed oy enniy e ' o "
Ol et Coarer ot Thie praarate tanle oo osaorv B

R S I N ST R F S SRR S SRS ISR RR A S S EUS FEN T N RYR RS PN ERURY
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ot e sl e e ne te tor dnte crity e Sindsn, o
B U S S VI S S SUUIIE SNNECES F RN KRR Y R LN TN IR YR RV SV YRS SO
[T ST PR e Dne s atle o actUiatars snoll e nseroed ey
Lo o tsaho ot aned Ssiress. A CtIive suriac e e wrangye
Taore Sl e L e Tor cpatade. The surtace shiall Dooteste
TG baita s, a i Gbhsersed o Deoat least iktf)nl'dt()r‘y U, e s
soecbiied v tne sapplicers Frreotive dlatness of the pranite ol

WL Do test Lo osec ttorn 4.

Ability to set up the machine and to hold tolerances during its
operation depends upon several alr slides and their respective
alivnments,  These slides niust be straight and stable during
achine operation and noust hold their straightness and relative
altcntient between operations.,  Any rriction, drift, or hysteresis

Cannot be tolerated.

A SPINDLE SEIDE

'his slide which 1s enbedded in the granite nlock, is uscd 1o raise
and Jower the workpiece spindle in o straicht line which 1s noninally
perpendicular to the pranite sarface. Its orthoganility to the aranite
surtace is not absolutely essential, but its small inclination to the
arttiocanal norst e known in mapnitade and fdirection. I this
inclination exceeds Iy are seconds, measured around the y axis, it
1hust e corrected by lappineg the granite surtface, or correcting the
dircotions of the slide ways. Measurements may be nmade using an
aatocollinmtor on the pgranite surtlace, and clectronic mechanical
probe with sensitivity ol one niicroinch, as tecasured apainst an
optical that at least 10 inches long placed along the Lline of travel
avalnst the surtace of the stide,  These data shall be revorded at
onc inch intervals of slide travel, A point in the spindle axis at the
level of the spindle tace plate shall teavel ina straieht Hine over the
tall = dnehes o slide travel, Daring this travel, the point shall not
devtate frone oo straieht Hoe niore than 10 nillionths o o inche 1The
boest ritting strateht line so deternained shall not be 1nclined zreater
that 1o are scconds ta the bhest nocrral to the granite tanle. When the
spiudle shice is locked, 1t shall remain at o heivht relative 1o the sar-
face ot the prantte tanle within three millionths of an inch oyver o
period ol one honr or monre,

2-3d
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COANTRY SUTRED AND RANTLLS

Fhe upper teachine structure is made to ride over the sranite
surface onthree air pads. When arr is removed, this so callen
cantry structure will reroain 1ixed to the granite surtace.  ts
position over the vranite suriace 1= determined by two orthouianal
side rails which are neasarcd avalust check points on the feet

ot the gantry by the use ol vare blocks, Measurements ansd Later
application may reauive laser cave which is allowed tor in the
desivns The vantry is naade to slide six inches along the v axis an!
two inches alone the x axis. Over this rance of travel, the gantry
structare shall not tilt 1n any direction noore than one second of
arc. This may be nieasured by an optical tlat on the pantry anr
an autocollimator on the granite slide as the gantry is positioned
over the granite surface. AL the same time, orthoganality an-d
straightness ol the side rails may be checked against the optical
flat, using the autocollimator and an (electromechanicaly probe

mounted on the granite surface. Assuming absolute accuracy of the

gage blocks used in positioning the gantry, the combined straisht-
ness and orthoganality of the guide rails shall not produce an error
of positioning greater than ten microinches in any position of the
machine structure over the table,

TRUNNION AXIS

The tool spindle carriage is carried in a trunnion on the cantry.

It may be elevated (turned) around this trunnion axis as well as

slid ¢+ one inch along the trunnion axis. The trunnion axis is

nominally along the x axis of the mischine as defined by the guide

~ails on the wranite surface. The trunnion axis must be orthoganal
»direction of the motion of the workpiece spindle slide within

. e second of arc. Over the ane inch travel, the tool spindle

carriage shalt not tilt more than one arce second as a result of the

sliding motion. This may be checked by an autocollinmiator on the

granite surface against an optical tlat on the side of the ool

spindle carriage.

farm A 541
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Viveo tood sotndle carriage 1= sanported gt the rear by o sliding
Deariey whose sorface Is carried inthe pantry structure,  As
the tood carriave slides nack and torth in the trunnion, the
Dearing at the rear shidtes acsainst o surface which imust be
arroaste s paratlel toite Paless the parallel sarface is proverly
aettast i thie tool carriave will talt as it slides back and torth
in the truomion. One inon motion shall not resalt in miore
thoan one scecond tilt, This agaln naay be checked by an optical
flat on the tool carriage acainst an auto collimator on the
granite sarface.  Since the sliding nearing is loaderd by weigzht
of the tool carriave, its pressure muast be carctully revulater
50 as not to change its clearance during operation.  This
clearance must be held accurately with ¢+ 1 micron during
nrachine opc ration. Its nominal clearance is approximately

tour {(4) microns.
R D TOOIL IHOLDER ARM

The tool holder arm: shall slide on .« surface which is orthoygonal
to the tool axis spindle. Distance of the tool tip from this
reference surface along the tool spindle axis must be known
accurately for preset tooling.  Also the distance of the tool

tip from the spindle axis in the direction of the tool holder arm:
miust be accurately known.  When the tool axis is in its zero
degree position, the tool tip must lie directly below the tool
axis along the line of the work piece spindle travel.

Deviations of the tool axis arm from its prescribed direction
shall not exceed ten (10) miicroinches normal to its direction

of motion over a distance of six {0) inches.

4.1.2.6 MACHINE CENTER

The machine center is lefined as the position in the tool spindle
axis directly above the tool tip when the tool spindle 1s in its
zero position.  Position of the machine center relative to the
work spindle axis and the work spindle face must be accurately
known when the machine is set up.  When tranducers on the
various slide axes are seroed, the tool spindle axis shall
intersect the work spindle axis within ten (10) miicroinches.

This mnay be checked by mounting a gaping ball on the work
spindle tabl and an electro-mechanical probe on the tool axis

spindle.  With all axes zeroed, the probe is adjusted to scan

I~

- 30
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the tooling ball until its center is located.  This may be done
with the tool carriave tilted forward at some angle such as 49
F'or a zero settine, total indicated runout on the nall iay not
exceed twice the certified accuracy of the ball.  Spindles are
tarned simultancously to conduct this test. When the test is
completed, height of the ball above the granite table miust ne
accurately measured and then recorded.  Without sliding the
carriage and the trunnion axis, and holding the gantry on the
vranite table, another center at a different carriage inclination
shall be found and recorded. Total indicated runout of this
second measurement shall not exceed twenty (20 nicroinches
for a change in carriage tilt of 457,

4002000 ADJUSTMENT OF THE MACHINE CENTER

The machine center may be adjusted relative to the work spindle
in several ways.

a) The gantry may be adjusted against inechanical blocks
as heretofore described.

b) A micrometer in the trunnion slide may be adiusted.

c¢) A linear actuator carried against the inicrometer tip
to produce a fine control motion.

d) The work spindle column may be raised or lowered
a prescribed amount.

a@) The tool spindle carriage may be tilted in the trunnion
axis.

f) The tool arm length may be used to change the position
of the tool tip normal to the tool spindle axis.

) The adjustment miay be measured by the laser gagpe
if available.

4.1.2.6.2 STABILITY OF THE MACHINE CENTER

Once the aforementioned are made and set, and the machine
center determined, it shall remain stable within TIR of six ()
microinches on the gage ball for a period of one (1) hour or
more.  This is presuming a temperature of the environment
held stable within @ 1+ F over the test period.

S . NMACHINE SPPINDILLLS

It s the spindles which deterniine the machining accuracy anc
suriace tinish within the coapabilities ol the nachine. The work

picce spindle, of course, deternines the synometry of the axis
) 5"
J- 3
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WORE PLECE SPENDTA

This spindle shall be batanced and tested setweon tive handred
(5000 and fitteen hundred (12000 REPM. A coge oall shall be
miounted on the spindle face at a heicht of approximately two (2)
inches and centered within the tolerances of roundness of the
page ball. A\ capacitance gage may be usced tor dynan ic checks
at hizher spocds. A plane mirror may be used on the spindle
face, perpendicular to the axis of rotation, in order to measur:
wobble. An auto collimator may be used for low speed checks.
At higher speeds, output from the split sensor may be displayerd
on an oscillosocope to determine dynamic spindle wobble.

Spindle runout is determined by the gage ball and shall not exceed
two (2) to three (3) microinches at low speeds. Spindle camming
is measured atop the gage ball and shall not exceed one (i to two
(2) microinches at low speeds and shall not exceed two (2} to three
microinches at the higher speeds. Spindle level at low speeds
shall not exceed one (1) microradian and not exceed two (2) to five
(3) microradians over the higher speed ranges.

TOOL DRIVE SPINDLE

The tool drive spindle may be checked in a similar manner to
the work piece spindle, l.ow speed tolerances are the same
as for the work picce spindle. The tool axis spindle should
also be checked for axial and radial stiffness at the tool tip.
l.ocating the tool tip two (2) inches outward from the tool axis
spindle face and six (6) inches from: the spindle axis, a torce
of ten (10) grams shall not deflect the tool tip more than one (b
microinch in any direction.

TRUNNION T1HT AXIS
The trunnion tilt axis functions as o rotary spindle althouch it

also provides o osliding motion. Runout and stiftness of the

fravnion air bearings is specified to he une (1) to two (2

2-3%

boload
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el roitnches within T 1ts o the trannlon tilt and to be at least

two huandgred aoed ity (2 thousoed pounds per rnch roacdiadly,
Fhese paranicters nooy e cheorerd directly against the trannion

shatt in 4 radial direction,

4.2 Fanctional testine o!f the premratic supply and controt systern is
Adiscussed in section 5000 o0 These tests shonld be duplicated
atter the pnean atic supnly and control systen: is conne:s ted Lo the
niachine, Nuch of the gir systen. nnst e Innctional daring
testing of the spinddles and slides. Satistactory execation of the
previous test in section 4,001, 40102, and 4,103 shall be deered o
satistactory demonstration of the pnewrnatic control systens,

with the tollowing exceplions.,
a) Satety interlocks and alarms niust be demonstrated,

b) Signals to the N/C system must be demonstrated during
the N/C System check out.

1.3 Functional testing of the N/C system and Servo Controls shall
follow the precepts set forth in Section 3.3 when the N/C
System has been installed.

a) Each servo and control shall be checked for per-
formance per 3.3.1.1, 3.3.1.2, and 3.3.1. 3,

bt ach of the operating modes shall be checked out
as in 3.3.2 through 3.3.9.

¢} A nrograrm shall be preparesd to machine a sample
part using the necessary miscellaneous functions
described in section 3.4 and a sample part shall
be cut and nieasurced to determine overall function
of the machine system. The user shall specify
the propramn.

4.4 PERFORMANCE TESTING

The sample part(s) scelected shall at feast noeet the reqgoirements
set forth in DAAT - 0-T9-C 020, scection . 3.2 (Goals tor
procision Machined Optieal Part Spesitications) with the exception

o1l section 3, 3. 2d.
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DOCUNBENTATION
LIASON INFORMATION

AU g tine specificed in the parchase order, the seller shall tarnasn

two copies cach of the standard control panel details.
PREIMINARY APPROVATLL

By the time or date specitied in the purchasce order, the seller shall
turnish two copies of cach ot the docurnents desoriberd below,  Buyer
will mark one of cach "APPROVED” or "TAPPROVED AS 2O b
atter which rabrication naay begin. Approval of these docuonts
shail not relicve the seller of the obligation to provide a4 systom

conforming to these specifications,

L 3, 2. ) a) Ilectrical Circuit Diagran:s
These drawings shall schennatically outline:
{} electrical main power
2) monitoring signals and the interlock systems
.2, 2 by Flectrical Block Diagram
The complete electrical control systems shall be shown
on a block diagramn.
: 3. 2.3 ¢) Qutline Drawings
Thesc drawings shall provide the outline dimensions of the
. machine tool and control cabinet.
5.3 FINAL DOCUMENTS
The seller shall furnish the documents described below.  Except tor
the instruction manual, of which three copies are required, they
shall be turnished as reproducible transparcencies. They shall be
Uas built” and reflect all chaneges made to the system up to the date
of final acceptance by buyer. They shall be furnished at the sane
tittie as the cquipmients except that revisions resulting fron. acceept-
ance testinge shall be furnishied within 90 calendar days of the
inspection,
kil
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RUERI A) Circualt Pragrams

nambers, part nurnbers and syrmbols, terminal

and the actuaal part ot systems.

Yoo by f.o2ic NMagrams

connections.

. 3.3 ¢) Voltage Charts

te rminal points shall be given.

5.5, 4 d) Instruction Manual

maintenance and calibration shall be provided,

5.3.5 o) Parts [.ist

included,
[ T oSl PPRONIS AU ST INSTRECTT ONS

T ae seller snath carnesh tesr hreors 5 oned dnstrction s

Sy s Tet s ety ke aanfd reliohility tests,

Individual chassis and the complete system shall be

shown schematically on these drawings.,  Drawing

positive cross-identification between the diagran:s

shall include a detinition of logic "0 and logic """ iy

combinations. The diagram need not show power

a list of all critical voltages or wave forms between

All necessary instruction for installation, operation,

rating, nanufacturer's model or serial number and
, ,

nuribers and other identirying marks shall allow simple,

A logic rdiagramn shall be provided using lovic symbols
and a plan of connection to describe the function of cach

lovic element and unit of the system.  The logic diavran

terms ot the voltage. It is preferred that this be done
by means of a truth table, illustrating all possible input

When required for operation, maintenance or checkout,

This list shall identity all components by nanie, size ar

wihetre

applivable, the TEEDEC or other such identitying code.
Ordering instructions for non-standard parts shall also be

trem A 541
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INSTALTATION SUPERVISION

Ve seller shall tarnish the services ol qualitied trela engiye ey,
tnchuding o niachine tool representative and control syston
representative, to supervise the installation, testing an initial
operation o the systen at buver's site. Basic tastroao tion ot
buyer's personncl in the operation and maintenance o!f the cquip-

nent 1s required,
NSTRUCTION AND TRAINING PROGRAM

The seller shall provide the following training prosranis and o
schoedule for when these training programs are oftered. The
schedule shall permit completion of this training a miininsun: o:
one month prior to delivery of the equipment. Manuals, draw-
ings, and other printed materials shall be available.

PROGRAMMING AND MAINTENANCE INSTRUCTION

Machine tool operations programming and maintenance training
shall inciude the theory, operation, installation and maintenance
of the control system and related machine components, also the
operation and maintenance of NC controls, and will be directly
associated with the equipment being shipped.

orm A-541
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CONTRACT DAAK 40-79-C-0255
DATA ITEM 006
INTERIM MANUFACTURING METHODS REPORT

3.3.4.2 TASK 3 - METROLOGICAL SPECIFICATIONS
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METROLOGICAL SIPECIFICATIONS
Section | Measurements on the Machine
section 2 Visual Techniques
Section 3 Measurements on Parts
Section Metrology Equipment and Facilities
section & Parts Oualification
Vel
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o= e ot e e b contactless optical nocrrology,
St e ro-tachinang ds asually perrorned onon o onine s with

sortches s shides waith nydrostati. or aerostatic oearings, the

cvornetry ol tarning anl slidre conpanents approsones the

1

Livrdrs ot optical metrolocsy (resoiutiony in many cascs.

“Vietrolooy of nacro-machined parts is, theretore, bHest per-

tormed Yon-the-nachine  esp, Cin-brocess . Also, tost
n.adcro-machined sarfaces have a shics smooth appearance ans
reflect light specularly to sonie degree. Therefore, intertero-

nietric inspection methods can be applicd without ditficniry,

Achieving the lizure compliance with recular veomeiric shapes
like plane surfaces, spherical surfaces and cylindrical surtaces
and certain conical surtaces are not a probien for machines

that qualify 1or ndoro-machining {i. ¢, aly bearing Mmacnines).

As Ummatter o! tact, interferometers should be embodied with
rrachines tor nidcru-machinine *o quality and certity the niachin
and the piarts.  Interferometers also sorve for continued
surveitllance of Wivnnient of the machine.  Uypical is the tilting
ot flveut spindles with respect to slide cotion in order to produce
planar surtaves.  Phis is accomplished hest by an interierometoer

paralleling the spindle,
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Froe bynar des on well exconted yrboro-nachines are preciase

crongh to dlow the tntegrates ndericromeler Lo Soan parts

on the oachine that are Larcer than 1ts tield o

ob view.  Typiroad
o this s the scanndng of fhvont retlectors as Large s the Do
oy adlow vsine oo sndb e cter interferonerer, s tire slidde
transports the tinishe s Hoart woderneath the merieror erer, ore-
thened tmerterence tringe s shoald not change their aponearar oo

(spacing ol artentations. Lothey o there is either b

tle e
nasbhehavior (cetory ationy or, e 2iide travels anevendy; or
worse, the siittoess o hoaocchine comnmonents wias inadeguate o
withstand the foad throneh yrachining o rall trvure comnmpliang e,
Fhe cquivadent is trae tor spherical shapes. A rdcro-spherioal
wavetfront intertferomneter pat in place ot or next to the diaimonn
tool miay be used to sweep across surfaces and veriiy the
spherical veometry by frinve count.

Here, too, the combination of suiall size optics with precise air

beoring quality motions leads to vertdication of surfaces o “he
machine to tolerances tully compatible with interteron.orry ol

the entire surtace,
ON THE NMACHINE INTERFERONPTERS
FLAT SURFACES

There is no technical problem at all with interterometers tor

flat surfaves. The instrumoent must, however, provide for:

a1 Sharp imaee of sample as tar as this is possible
with lascr illumination,  Unwanted phasce contrast
effects are minimized 10 "he scoreen shows an 1o o

well tocused on samiple.

A size of 129 nuan diameter seems appropriate to
most applications. A reterence acoura. v
ot at least % 1O s requireda.

B Phe tocas {(or difiraction 1 acer ol the plterieroneter
reteronoe | e o~ ;)]a‘ st e S s s “ | s
Lo o oo tar oot o cb 0 v et o ohise ey 1t
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oy thae 1 ore Doty e , Vil iatpmer e At
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b e antie el Lexas o0 s e e : Yo ' Veogo s
oo sHow s e NS e : s [RRD RS
Dl ol
I B I I G N N B L B S B R Lo X
S Ve coreploNits 1 jna o YT IGte e rg Cr R
osone il Gr sl s o i al o surtaces, Dite dhistrun.o 15
~ o too habiv o ren i e nlace during the cutting operation
Becuise G rnterterence with ihe optical aaxds of o large ancrtare
SoNero gl herteroineter st e 1onted 5o that its axis is
Ccobrorert witn the axds o e work spindle,

lie constructed so that the miotion requiren

o oring the instratent and part - cnters into coilncidence will

frootint nilst e

col cause loss of this alivmuent, The coincidence ot these
conters is indicated by the ‘unitorn tint of the interterence

matters,

sy ospherical reicronmiachined parts (reflectors) have cengral

oo oneh holes. The Interfe ronreter 1 this ase talvehtl He 1 cunted

obliane to the spindle axis where U niieht not interiere with the

tool holder,  This off axis positon does, however, prescnt the
il tase ol twoe domensional alignment.

Fovovercor e these diffioaltios sl S/ 22 inmterferonietric sensing
Drooe no Llarce s thar *he tool s Indicated for scamiing shineres ot
i~ -sbhiore s Becaase the field of view i1s stall in o such o
Do, e dntorrsation abont the surtace 1s assessed by counting

Trinces passine by the instrunient optical axis rather than oy

LAt thie entire «\‘)(‘I"\'ll't' s \\'il}l, tor ('.\;.llllpl\‘. a by o

sphierical interierometer,
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) el ot hoe o ptrast ettt recnrdlne the Gata DY o ohioto o rapn
o video s bart ol e o etrolos, svstons,
e trochiine tnteorated e rto Foncler serves for:
o Sceonating e hine vl spindle alivigrent,
1y S ervine The Ciiect ol the de-chocking or
Stte rwise loosenine o the saanple trom its
fioloeing mechanlsn: oo the poachine.
o) Obhserving etfects on noaterials duc to (ool anrd
fuoricant action
St Obscerving lack o0 miachine stitfness, resalting
in forn. compliance lost during cuttine.
e) Measuring vibrations in process.
fo nidero-machining with dianond tools even the poorest surtace
retlects licht which allows for mudtiple -bearu interterometr:
{Fizean-type) to ve perfornied. This also allows 1or easy-to -
butla and convenient-te-use interferometric contigurations.,  As
will be seen, this is not so when inspecting surtaces. Then two
bear techniques are more appropriate.
s
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Soonalel s e horae o e rno s B ety e —i i Finge, It -

'

s onarttoedarly proactioad, oole mnsoe o atter ren e d-
el r e ool sertine wa Lrape 1 O ot anc Ahethie s et e
attine nopeht bhe dredieated,
Do ause or the Tarce area re ool 1:“1“)‘ el pwriuzji( 11 O 1. ey

are ontero-nachines sariaces all enieots s cornpanyin
1 reclection o Heht of such surfaces involved dirfraciion
Poosvartons orders, spidial trequencies, harmonically relatedd
corsponents and scartered light. The spectral density tunction
(S is nost revealing aboat the surface.  Relevant theory

1= described in ret, 1.
L‘ . b RCTS SEEN VISUATLLY

casily obscerved by the naked eye and by simple technical
oeans are both diffracted light in hisher orders and spatial

beat frequencvies botwcen regularly spaced tool marks and
general niachine vibrations, superimposing the cutling process,
Scatterel Heht due to other than random structural effects and
low anvle ditfraction around the zero order (specular reflection)
arce less readily observed visually.

| Wheoereas reonlarly spaced crooves, which, due to feed rate,
are usually in the order of between two(2) and ten (L)) miicro-
neters wide and nostly with circular cusp crosscection  cannot

Do observed by the naked eve individually, spatial beat frequencies

(NToire) between recualar cuttine grooves and vibrations caused by

. . . - e
the nmiachine are observed visually in 1orn of Moire patterns on

e rnachined surfaces.,

Vovery typical mmachine error is spindle coning.,  The spindle

yXis noves on oa precision cone with o trequency much lower

Ve 1S speced of rotation. This causes a periodic structure
,

Drcrrdcro-nachined surfaces, usuwally as wide s inthe order

o ten 10y to one hoandgred (D0 il ra-vrooves,

Y-ty
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Boeat tregquencies or lonv-wave urooves are recoenized gquite

casily with the naked ever Tt s hetptul to scan anrdg observe
oy stroadetn oeieht Tioe which as sonsewhat distant and paradicd
SrOONGEL Sueh aostraieht line mieht be oan
Ustraiehtt Light line appears

[attle sense 1s scern

to e t'\:[,w«‘zzni
incandescent tave. The edee of the
e o nterruntedg or corracated,

soaw-tagath -
Decause the niachine cause st e

in ntcroscoping the erfect,

Curersas tar s to renove visually recounisable detects,

ot seen readily on e ro-nm chined surraces is tho

tool nawEs producel by poorly-set or danweged taals,

Another o
ot E)('l'i(}-’i'}.
produced by sach tools are not sniooth and

Phoe erooves
readily on tiny miicro profiles

cactior tab s place quite

RS
superin.posca to the revular cusp ot the light bearn retlecterd

e surtoe e
R SINTR DB T CHNICA T, MEJANS
roeotical illuninators are small single-~filanient or single

Fhe tightbulb mitght be in o lamp-housing with
The diffraction can be seen as

I
polnt lanmibs.,
an lnexpeusive collimation lens.
ratnbow colors and they should appear in a rather unitorm tint,
s the livht is shown anto the samiple. The tint appears more
nritorn., as the srooves become finer. The diffraction spectrun:
tseverad color sequences) is seen as the grooves beconie more

widely spaced.

Micromachined specular surfaces of vood quality should not
exhibit “color’. It only form compliance is required this
nnenonena will not be indicative of part quality.

I'he depth of the grooves (error depth) and tool marks has no
intluence on the spatial distribution of diirracted light but it
The

the intensity distribuation in the diftfracted livht.
3,5,

i pparts
crror depth niust be determined by other nicans (scection

capanded Taser bearm of about one(l) o diameter retlectedd
yvothe sarneple and focused onto a screen will usaally produce o

Qi raction spectrang.
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ois disolay alone with the previonsty noted color provides
abriost ol the intornation oo cac s tor propso v tool setting ol

o hinnn s paraoncters,

e coarse, the hichest quality specnlar sarviace will noy prooaac
vy v tion arders b alls While this is oreadistie, there
cerrins the notse arownd he o cero order (spesabar e reslecterd

Do . Otten this exten.s ot only in the direction nortaad to

Uhe ot tine orooves but ol roand the cero-order. This indicaierd
Carrdors sartace detects of oosive larger thon the proos e width,

P ron by var this regaires o noach tmore retined tool Tnse o
N o~ o<sthie oo the i hiine.
S Thoe uractical ooservation of the dittraction spectrun: inclades:

g oaosinale pore Jight source to bhe sceared ina ocon -

entent location to tlluniinate the suriace.

by a HeNe laser Collimatar detocussed such as to

produce o ot focas o o o distance o ausout 1 one

In ettect, the theory of blared retloction gratings predescribes
the theory required to explain the dirtraction effects on micro-
machined surtaces (ret. 3).

3. MEBEASURDMENT OF PARTS - QUALIFYING TESTS OFF THI
MACHINE

3, Error Depth

Interterence tringes are i pr;u‘tira.l means for detection of riis-
match of a4 general machined surface from a theoretical best

fit spherical surface. This mecasurenient can be uscd to determine
i departure as small as A/10. Local arca departures rrom the
theoretical best fit spherical surface can also be detected to o
departure in the order of A/5,

Multiple beam Fizeau techniques niost practically tend to cover
defects of depth to A /4, it their Lateral size falls between iringes
(ref. BY. It's vreatest value 1s tor assessmment o best il suriaces,
an opposcd to measurement ol depth of tool marks,  For this,

folansky's method is better i interterometry is to be usced (ret. o,
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I intertferometers that allow tor long object distane e ant larce
area, lateral optical resolution is limited, obviously. Tolansry
and other interterence methods for detailed observation are best

used with microscopes.

It is reconmncended that a two-bheam interfercence microscaope
with fifty magnification be used as standard cquipment for the
investication and control of surtace defects of one (1) to twenty
(20)  ax 11: width and depths of between 0,02 and one (1) aqn..
The micro-interference fringes are interpreted as is custor.ary

ininterterometry.

A powertul tool for qualitative error depth assessment, especially
on samples too large for microscope stages, is phase contrast.

Most optical instruments by aperature limitation will effect the
loss of some parts of the total spectrun of rd lecterd light forming
the image. Minutc discontinuities of surfaces illuminated in

this mianner can be resolved for evaluation. This simple forn: of
phase contrast can be achieved with long focal length imaging
optics.

It must also be pointed out, that any interferometer in a nulled
state is also a phase contrast instrument. The zero order of the
sample beam is compensated for by that of the reference bean.

In addition, the reference beam may be blocked off and the class-
ical knife-edge may be positioned in order to stop the zero-order
light. Then only the diffracted light forms the image and it depicts
all the surface defects.

With hiczh speed collective optic inmsaging the most informative
imauges are obtained by cutting oft the zero order. DBy no means
should lasers bh: used for phase contrast because small angle
diffraction causes "Fresnel-type' diffraction, and interference
tends to obscure the real information. A white light point source
is best qualified to illuminate phasc contrast optics.
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NMETROLOGY ) FEQUITNTENT AN FACTET TS

Perhaps the most important invrediont ot o cood oo ctroloey
facility is the arca where the cquipnicnt anda parts are stored
and handled,  The coviromrent here nust be s vood as the
cvniromuent where the parts arve reanalacctureds [t as here thoat
the conglomerate ericets of nmucchining, fixturing, parts banciin,
thermal etfects, cteetera, arc evaluaated, P or this reasorn o
Aarca is reserved in the micro 1 achining roon Lo this parpos.
and is gescribed under Task 4 - Facility Speditfication,  Fhia
also calls for strict supervision and control of the netrotoos

trea o the fctlity,
L, METROLOGY ARLA

lirst of all, this «rea should be free of all Aactivities exoent
nicasurement and qualification of parts. It should be kept

clean and clear of apparatus which is not being usced tor the
particular neasurement in-process. Therefure, adequate
cabinets and shelves should be provided tor ready storase.

The parts should be clean when brousht to the arva and carver
stored and handled in the area.

INSPECTION AREA ENVIRONMENT

Since parts configuration and geometry are often the question
rather than absolute part size, it is necessary to suppress
disturbing transients over a period which is usuully n.uch

longer than the inspection period, withou! necessarily establisnise
a long term absolute control on the environment. ‘The area should
have controlled lighting, capable of establishing areas ot
sufficient illumination or darkaess to perforn: the usual netrology
procedures, These as has been mentioned, include visaal
inspection, measurement, recording data, photouraphy, and
ardjustment procedures.,

AUXILARY EQUIPMENT

The room should be equipped with tight cabinets where coritical
parts can be stored. A staging arca tor parts to be soakoed to the
thermal environnient should be provided in the vicinity of the
noeasuring instruments, A clean atr-tlow hood should be provided
tor final cleaning and visual inspection it the parts are 1o be
packed in the metrolovy room.  Sutficient electrical outlets tor
the measuring instraments should be readily aceesyible where the

peasurcenients are to be nhade,

=10
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R0 DN METROLOGY BIENCHES AND ISOLATION FEQUIPMENT

The most important single picece of equipment for such a

; tacility is o larve granite table mounted on vibration isolation air
pards.  Optical benches and other measaring set-ups may be
nuide on this table. The table itsclf may be an integral part

ot air slides and rotary tables which are used in the measuring
process, [t has been mentioned in the foregoing that the use of
41 bearing slides and rotary tables is an important part of
scanning interferometry which can be such a powerful tool in

the qualitication of parts. Of course the tavle should be of
sutticient size and capacity to handle the focal lengths and welight

ot oparts to be qualified, At least a section of the table should

e tlatter than the measuring tolerance. The more mundane
| setups should not be allowed in this section of the table.

SHCONDARY METROLOGY AREA

vt all of the product measurements require the same degree of
cnvironmental control An area that is suitably enclosed, clean
aud teniperature controlled to within a few degrees fahrenheit
will prove completely adequate.

This room might be well equipped with an optical tunnel with
long optical bench or rail. This part of the facility would be
used to measure diffraction effects, scattering, and the like.

It mipht also be used for Lloyd interferometry. Corrollary to
this bench and the measuring table, is a requirement for various
optical mounts collimating lenses, gratings, lasers, light sources
and fixtures for holding the measuring instruments and parts.
The kind and amount of such equipment will depend greatly on
the measuring tasks to be undertaken. The recording equipment
and cameras will also depend a great deal on the degree of
qualification undertaken.
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PAaRTS QUALIFICATION

Considering the foregoing as well as the testing requirements
called out in the machine specification, it mav be derived

that an extensive and expensive array of measuring instruments
are required to produce diamond machined parts of optical
quality, It is not reasonable to expect that every srmall shop
or facility will be able to afford a complete set of measuring
instruments, Therefere, one must take into account the jobs
at hand and the overall capability of the manufacturing facility
to produce parts, For instance, in the case of certain infrared
optics, tolerances may be such that simple qualification tests
will suffice, These might be limited to visual inspection and
rmieasurement of the energy collected in a least circle of con-
fusion for the optical system., On the other hand, optical
systems which are meant to operate in the visible region

or in the ultraviolet, may call for tolerances which tax the
capability of the machining system, and therefore require
rather extensive qualification testing to tight tolerances. The
most desirable system, of course, is a system which will
qualify parts as they are produced on the machine. Acceptance
of such data as a qualified source inspection is difficult to
obtain from the buyer's qualify control department. The
following system is specified to conform to the requirements
of this Army Contract, as they may apply to the sample

parts which are to be produced and to the results of the
survey conducted on requirements by the military for the next
few years. Exceptional cases of very loose tolerances, or

of very tight tolerances for visible optics are not covered,

5-12
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Qualification on the machine tool called out in this specification,
establishes a confipuration, accuracy, and stability which is
capable of producing parts an order of magnitude better than toay
be required for infrared optical surfaces. One might tern. this

capability an overkill, however, it has been established in practi o

that a higher degree of quality and production capability can be
derived from such an arrangement with good economy. There-
fore, if the machine functions are monitored with complementary
measuring equipment during the manufacturing process, onc

may be assured that the parts produced on the machine will be

of the desired geometry when finished on the machine. To
assure the effectiveness of this in-process measuring capability,
it is advisable occasionally to measure a sample part off the
machine with complete thoroughness.,

On a machine with numerical control, such as called forth here,
complementary monitoring can begin in the control systen: itself
with such devices as parity checks in the program. At the same
time, limits can be established for servo errors in the control
system which will indicate that the machine has properly follower!
the commmands.

The machine may be equipped with other monitoring equipment,
such as temperature sensors, vibration sensurs, spindle speed
monitoring devices, and pneumatic sensing devices., It is not
difficult to conceive an array of such monitoring equipment
which will assure that the machine is operating properly during
the cutting cycle.

Ail this does not assure that a sufficiently smooth surface has
been produced in the cutting cycle. Therefore, certain visual
observations need to be made by the operator during the manu-
facturing cycle. These have been discussed in some detail i
section one (1) of the earlier pages of this specitication. For
this purpose a laser light source, a monochromatic light source,
possibly certain aperatures or stops, a knife-e-lpe or prating,
or other optical devices may be attached to the machine tool tor
the operator to use.

3-13
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As has been discussed, interferometry also nay be perior, oo
ot te nnachine tool with integral interieronictris setaps.

is recorne-ended that scanning interferometry is the hest o e
tor this purpose. At least 1t is possible then to avrernine
whether or not the parts should be remmoved rron the o a0,
or iarther tinishing should be attemipted, Such tests do s
assare that the part will stay fixed when renove Do 1
noachine tool, during its turther handling aned 1nscallatio:

i the optical system. For this reason ofr-tiie oo hine oo rolo,

15 required,

DPiavnostic FTesting must often be done to deternine faults 1 the
manulacturing or metrology equipnient.  Probably the most
dirficult thing to determine is overall part ceonietry which in-
cludes relation of the called for surtace to other reterence
surtaces on the part. An absolute positionineg systeni is reqgeired
tor this purposc.

The air mounted granite table with anxiliary cquipment called

tor in section four (4) are required tor letermining absolute

part geometry. Probably the greatest weaklless ol standard
available interferometric equipment, is the type of positivning
aparatus which is used to manipulate the part in the inter-

ferometer array. One usually establishes an interferogran

un the display system without knowledue oi the part positiorn,

except that its surface best fits the wavefront established by i
interterometer. Therefore, one part of this mcetrolouy speciticatiog,
is to call for suitable positioning equipment which is conmmensarate
with the called for part o~ metry, and which will assure o qaick
and orderly part positio 50 that measuren:ents n:ay be e
from the corrvect r«  r-1..  ‘nes and plances relative to the surtaoe,
Conversely once tii. position of the surtface is established in the
micasuring scheme, one should be able 1o determine the absolate
position of mounting surtaces and holes which are intevral with

the parts. Air bearing tables and slides and appropridte actuators
and scales are essential to this part of the metrology arrancenient.

3ol
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With the call tor interteromet v ic cquipncnt at hand, hoposranh,

ey well play a powertal role in cstablishing parts in coneplie o
with the specifications. Holoeraphic interterometry is nothing

rhore than standard interteromentry which ases o specitiod woero -
rront for reterence,  This wavefront may be gencrated sythoen sy

by s0 called bholographic nrears,
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tase b= survey, the et section of this report details the totare

T alres) Cids tor precision noachined optical elenents, The
Sreantity ot the e elen ents indicates that a4 nmrber of noachines a1s
aqriredd to niect the dermnand, It was furtner Joetermined that the
oSl cconosie annrosch s b provide a variety of basic n:achine
contloarations wnich are unicuely suaited to the geonietry, size and
tolerance level of specilte groups ol parts.  For this reason a roonm:
Lirse cnouch to house several machines and, where necessary,

appropriate merrolovy is specified.
i he Tacility must provide an environn:e  that will allow these
miachines to pertorm at the level of their design specification.
Because the parts to be manutactures by these machines will
require various tole ance levels and cuatting cycles it has been
diecided that the gencral area should meet the majority of these
requiremments.  Parts requiring environmental levels more closely
controlled than that provided in the general area should be manutac-
turec with machines having modn'arly constructed local enclosures
that will provide more precise controls of temperature, hunidity
and aconstical isolation.
S PPRINGARY DM CLHOSING STRUGTURE (General Plant)
suitable location should be selected in the primary plant area to

onstract  an environnentally controlled rooni. The ambient {
fernperatare of the enclosing structure shall have o year round
caxoursion of not greater than 407 B This shall occur in the ranve

| oo bt 9y oand shall occur at o scasonal rates Daily chanees

son ot exoeed 100

S hiine ey hacine oo vibratory onipat such as fans, pun ps, ot

Sondes oo supoorted tron the overhoead of the prinsery structure

Do mossihie. Norchinery that rust he tsounted to the floor should
Psabactio ot st ve g aral trequency below that of any

S R I R IRUE AT RIR NS SEYRN A Conncdtions between this cquiprment aned

oroor shoula He neade with isolation joints. '

[
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Pone envirosnertadly comteolled roon, shoald bhe trec stasdnZ e
stvctur dbe independont of Doy the tloor o the ecnclosing pri-
Novcoreapoy o walls o cetling, shoald e g 5o

Ly sStraotire. 2y

Pl rree crrealation of anhlent alr o arounda e onter a0 e

ortralled ronn 1S aduvoniniodated,

Fhe interior walls, ooy and ceitine of the controlled raon sl
De ostootn o cn b free ol crevicoes to prevent the colleorion e

ihe remnoval of Toreign naatter,

Uhe outer walls and ceiline should bhe iusulaied with o noteri o
Gaving a tactor of R 21 to minlimize heat transter ana orovicde
cooustic isolation and should be surrounded by o plastie chern ol
barrier. There should be one primary entrance to the soon
which should be of a size sufficient to accorodate the Lorcest
anticipated nachinery and handling cquiptnient. This cntrance
should be made throuch an anti-room which will prevent free
tltow of air from the primary structure and shall ofter ol obser-
vation vantaee point while lhmiiting acvcess to the controliosd area,
An emergency exit door must be provided.,  he structure shoaie

1ave no windows other than thosce located in the "doors:

The interior room diniensions should be:

lLenpth o' - 0"
Width 1> - 0"
I'loor to Ceiling FANEERTEN

Air should bhe introduced into the room by mmecans of appropristels
distributed ceiling mounted registers.  Louvers should be positioned
In the exit alr streans to direct the air down the outside walls o

the tloor. A =ories of returns should be located alone the long

1xis of the roon.in the ceiling so that air tlow will cimcorinpass the
area.s The placenent uf inlets and outlets should be sach that

Adrrect draits gt a Jdistance preater than three feet cromns the walls

it be avorided,

et Choew ol be Cono oo st an inler velocite o a0 T
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at the revister. Roony a'r will be changed at 4 rate of 2o to 30
titmes per hour.  Adr shoald be conducted through fibre glass

ducting providing gcoustical isolation,

A retriveration unit must be provided to initially chill the air
to v to 607 I, This air should leave the diffusers at 60-65~ F
1. Temperatare excursions over a 24 hour period must

[ R
not excecd o JE

Trin: heaters should be located in the air duct exitinge the air
conditionine unit.  These heaters will be used in the final
reculation of the air ten:perature.  Dual sensors tor both heat
and cool should ve lTocated centrally in the short walls at both
cuds of the room. They should be located about five feet from:

the floor,

Helative humidity control will be provided by the air conditioning
unit. The relative humidity should be controlled to 50 to 55 per-
cent.  The miaximum heat load in the room is specified as:

2.0 watt / sq. ft.
6 people
1 2 horsepower

This load may vary considerably. For this reason appropriate
valving for a hot gas by-pass must be provided. In addition the
condensing unit must have provision for independent operation
‘or use during cold weather. The humidity control unit should
e miounted centrally on the long wall about tive feet from the

loor.

While it is not initially considered that the inlet air requires any
imore than vood commercial practice filtration, the systen should
be capable of operation with 95% filtration.

w0 SUPPLEMENTARY CONTROL UNITS

When it is determined that the tolerances of a part to be pro-
die e can ot be held when thern ol excursions of a magnitude
tohe expectec in the controlled roon. are imposced, o separate
coaclosure envelopine the vital norchine arcas nast be prosvidedsd,
P his e osure will also be reguired when workine with hy-
Croscnnrs neaterials that reguire relative huniddity ot less than

Yy opper ent.
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Fhese nnits muast be seld contained ood should work on the

satne principbe s the basis roons

air will be taken frorg the Hasio roor area at a terperature ot
J tor chillins and then

thermmal comtroller. Inlet

R . Provision roust bhe raae
heating this ialet air so the a constant ternperature ol G5 F

0.1 ooy be mnadintaineds Relative homiddity noust also be
controlled too 10 1o 3y percont, ' orequired, filtrarion shiould
units.  Coare must b
O ol Impart vinratory

ichting withiin

He proviicd in these Lacken 1n the aesive.
i

ol these enclosuares to insare that they

A4 tnechanical or dcoustieal natare,

inputs ot
optic transinission or

the enclosure should bhe provided by fibhre

sircilar means.
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