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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

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

Command. Mr. William Friday is the Project Engineer. 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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1.0 TASK 1, St RVEY

1. 1 FOREWORI)

Paragraph 3. 3. 1 of the lasic Effort of Contract DAAK 40-79-C-0225

requires that a su.rvey be nmade of Army and other DOD applications

a1d requirements for precision machined laser, infrared and optical

support items.

2.0 SCOPE

A survey was made by nmeans 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 questionnaires to a

broad base of government and civilian organizations, provided

the data base.

Among Conmerical Organizations contacted were, Ford Aeronu-

tronics, TRW, Rock well International, Hughes Aircraft, McDonnell

Douglas, 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 Laboratory, Naval Air Systems Command,

Office of Naval Research, E/O & Night Vision Labs, MICOM, AVRADCOM

Air Force/RDQT lI), Air Force Systens Command, Wright Patterson

Mat'l Lab., I)APPA, TARCOM, ARRADCOM, TSARCOM, Fort

Monmouth.

1--
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4.0 PRO.11CTI-A) RtQUItIRMNTS - SI/A1. St-MMARY

The following list is a tabulation of the total projected IR laser
optics requirement. The programs involving these optics are
all at least iii the engineering 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 requirenents than those detailed here will exist

during the next ten (10) year period.

(;eometry Size Projected Requirement

( Now through 1990

Flats 2 2" x 2" 145, 000 to 169, 000

Flats 7 2' x 2" 9,000 to 12, 000

Polygon Scanners . 3'" dia. 96, 200

Polygon Scanners ? 3 ' dia. 30, 000

Spherics 5" dia. 541, 908 to 625, 908

Sphe rics 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-o
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(om t ry Siz MatcN4it a I Quantity

Iat~ S ' 2' x 2' Aluniinuin liil, 000

Fltts ( V2'' x 2'') (;erlianiunr1 14, 000 to 38, 000

Pt)Iv ton Sca nners
(Ii3 diameter) Atumnurn 9, 000 to 12, 000)

1lolyLon Scanners

(; 32 diamieter) Brass 96, 200

I! - diamieter) Aluminumn 183, 000

Ge rmaniuni 250, 908 to 334, 908

Mag Plouride 78, 000

Zinc Selenide 30, 000

Spherics

(7; 5'' diamiete r) Zinc Selenide 30, 000

Asphe rics
'i " diamieter) Alumiinumi 65,400

fBerylliuni (plated) 20, 000

Copper 8,000

Fused Silica 7, 200

Ge rrnanjuni 1, 33b

Zinc Se Icnide I13L, 000

A spin rius

5' dill~~ct' I) Alumin)if l 3,000

( ;ernilalliU111, 3

1-4
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N1ACIIIN I: S IC'II)N

The variation of size and geon etry of optical coniponents tab-

iilated( in the survey call for two basic types of machine. This

is in kecpinu with the IntOp philosophy of job related equipment.

The flats and poly ion scanners require a nilling type fly cuttino

machine. A single machine to cover all sizes is recono , dd.

The spherical and aspherical etcments require a different n achino

configuration. Spherical components can be produced with a

spherical generator si milar to that furnished as (FP under

the sub'ject contract. This machine pe rfornis its task as a

function of the geometric location of a rotating work spindle

and a rotating fly cutter spindle. 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 ASSLMPTIONS

In comparing the cost of conventionally processed versus precision

machined optics the following factors were considered.

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

cases.

b Suiostrate process coating, such as electroless nickel,

can be eliminated in most cases and the base naterial

can be turned directly. This cost saving has not been

a dde d.

c) The finished optical surface prod -ed by precision
n achining often does not require overcoating for re-

flectivity enhancement or surface protection. This is

pa rticlarly true of optics used as high cenergv laser

reflectors. NMany aluminum reflectors do not require

optic~al coatiIOus. Thesc savings have not been refccli.

frrm 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 he 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 automatic

collination 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.

orm A-541
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7.2o 1. 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 processingcof twelve (12) flats
per load.

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

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

machine requirements.

154, 000 flats 0. 5 hours12 flats/load x lod = 6,417 hours of available
machine time required to
produce flats (min.

requirement

181,000 flats 0.5 hours12 flatsad5load = 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 available

8 polygons load machine tir
load required to

nroduce the polygor s

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

tinme per year to produce flats, including polygons, is:

1-7
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7, 542 - 4 144, 300 hours l1, 18-1 hours

10 years year

. SillK I'CA I. I'IMI'NT S

The machines are in the fornm of a chordal generator in which

two spindles, one holdinL the work piece and one the tool, are

placed in configuration that causes a spherical surface to be

aceerated whn the spindles are activated.

7.2.2.1 ASSt MPTIONS

a) The size of the elements permits the processing of

six (6) elenents per load.

b) Each load will require 0. 5 hours of available machine time.

c) The maximuum 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

7.2.1 ASPtIIRICAI, EILEMENTS

The n iachines are sinilar to the machines used for spherical surface

conlicuration production. They have the added function of nunerically

controlled axes notion that causes a hasically spherical surface to be-

(oni( atsphe rical.

fm-5
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I. . . ASSt M TII()N.S

a. Asphe ric elenien ts are processed one at a tine.

6. The ;iv era tL( clLu iint is less than five inches in dianieter

2 . 772 ,tsphe res x 0.75 hours 179. 079 hours ot availa:A,'

asphe r niachin ' tin,' r,.-

quired to product-

asphe res.

179.079 Hours - 17'08 Hours

10 years year

7. 3 NUMBER OF MACIlINES REU1t ED

7.3.1 MACHINE UTILJ ZATION

The following assumptions were made:

a. All nachines have a 100% work backlog.

6. The average machine operator availability is:

40 hours F52 weeks ( 2 weeks vacation I week sick and

week Year year personal time

2 weeks holiday ) year

year

- 1880 hours

year

c. 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

yea r

Two shift operation in ', of' the shops

1630 x 0. 1 x 1. 97) 17 hours

year A
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03) 0 Wallingford Connecticut 049;

Division of Kollmorgen Corporation

l16 hour, R2 hours overtired- 4 ,17 hours 2 shiftx 4
yel r yo.t r y ea r

: 2H, hours
year

7. . FLYCU'l TFI

The number of ?,richines required for prohiction of flit surf.-ce.':

15, 184 hours/year 8 machines
20i; hours

7, 3 3 SPITIERICAL GPNIKRATOP

The number of machines required for production of spherical
Sorfaces:

5,299 hours/year 3 machines

2035 hours

7.1.4 ASPHERICAL GENERATOR

The number of machines required for production of aspheric

surfaces:

17,908 hours/year S9 machines
2035 hours

8.0 RETURN ON INVESTMENT

8. 1 MACHINE INVESTEMENT

Average projected cost of flycutter $12S,000 each

Average projected cost of spherical
generator $ 7,000 each

Average projected cost of aspherical

generator $Q50, 000 each

1 - 1o
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- . ,,." I \ I. \ i C ()u l - I() I II 1 1)

,, ,. -t jTi , .stiriiated Projected

(.i ii~L. }Precision Savings

Xl *tj '1NIMachining

$ I Wc . h $ 100 each $9,050,000.

(for 16l, 000 units

i.r, ,.!r $ 4 , ,..h $ 250 each $14,430, 000.

(for 96,200 units)

.4 di t: ,',r , I-) eh $ [00 each $31, 800, 000.
(for 635, 900 units)

A s phc r,
,tiy ,-,.r $ -00) ca h $ uOO each $328,440,000.

(for 234, 600 units)

I ()l A I. iEP( .TIKCT .) SAVIN(,S $383, 720,000.

1-12
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-. PiWLCILI)IOTA. SVING (PRTS ~ lCIIASIH)

I..aluating the amount to he savedl by the puirchaser using the
c osts tabulated in pa Pa i~raph 8. 3 (.-in probhablIy best be done
on at discounted cash tIow basis. For simplicity of calculation
assumew that the total projetcted 5 civi ni2 of $38i, 72'0,00tt. is
aCc onplis hed ovyer a ten (10) year perIiod and] th at this sun) is

eqjually distributed over this time span. Furthe r assumec an
effective annual inte rest factor of twelve (12) pe rye nt. The
net present Value of the fotUre SaViIngS in each catet.,ory is
thenH:

a) Fly cout ter 13, 274, 000.

b) Spherical G"enerator 17,968,000.

c) Aspherical Generator 18 5, 57 5, 000.

Total Net Present
Value 216, 817, 000.

5~ PROJECTED R01 (MANUiIACTUI ER)

It is not possible to make a meaningful estimate of the Return on

Investment from the m-ranufacture r's point of view. A general
flavor 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 \va pe rformed by this
same group. The Return on Investment would then be 1H0 pe rcent.

Of even more significance is the fact that, based upon all1 of
the assumptions of this survey, a total saving of T , u74, 300 man
hours or 377 men per year will be saved. Of this numb er Q23 ot
them are concerned with the prodluction( of aspherical surfaces.
In light of the lack of available skills in this a rea it would appear
that the numherically controlled precision machine m-ay be more
than a cost saving -; it may be the only practical way to produce
these surfaces.

form rA- 5 1
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MACHIN, SPECIFICATION

Section 1 Makeup of the System

Section 2 Reference Documents

Section 3 System Requirements

3. 1 Mechanical Aspects

3.2 Pneumatic Supply & Control System

3. 3 Numerical Control Systems

3.4 Programming Functions

Section 4 Inspection and Tests

Section 5 Documentation

f 1
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I o[ P A P P2: I hus peictis 1) prptrd~ et the reqire nwetts of Task .

V. icline Sipecif icit ions Ior (>nnr~ I- 1AA 1,-40-79- C-0&'. 'I hec
Ill'tchille is s pecilic 'I to nwki th I 4 o~i s for- shape, figure, anrd su rfa ce
inish as set forth ill iaarp . J. . of said contract specification".

mA 1tchill cn('11ifigurationl s in ila to that dIesc r ibed by Bate lie in rece nt
ppers andl publications is called out in this spe!cification. Thle n achine

konfhicti ration a ind definition of axes is illustrated in the line perspective
o! drawing 11-10004-209 attached. This is the general configuration of
a chordal gene rator which will produce sphe res and toroids with no
dynamiic control. For the types of aspherical surfaces turned up in the
Task 1, Survey of this contract, a minimal. dynamic correction is re-
q~uired 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,
the reby minimizing requirements for almost perfect tool geometry

C. Qualification of the surface by in-process methods, more closely
natches 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 forth.

1. 1 SI BASSEMBLIES 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

Lzene rato r, having at le-ast the capability for turning spheres up
to twelve inches in d ianicer with V- n uiiibe rs between If-to Flats.

b. Adjustmentts and meaisurinu means lor- ce~ntering the machinie axes
a nd ;or nwaking precise limidte d offsets relative to the ma chinew
ceniter positions.

form -541
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C. Dvaiiiaic contmlling means on specific machine axes to respond to

contwi:ring derm nds.

d. Computer based numerical control system which will store and/or
gene rate contouring commands, control various machine functions,
and cnrrelate machine responses with tpriori reference data to
monitor machine preformance.

e. Pneumatic base isolation system, with self-leveling capability.

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

Q. Precision work-head spindle with appropriate means for holding
work pieces accurately, without distortion. Equipped with integril
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.

j. Means for removing chips from the work area during the cutting

operation in a manner to prevent contamination 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
remov.l, etcetera, as required by the system.

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

machine and for setting the tools.

0. Control system software, including the post-processor and executive
control routines for tvpical production.

p. Tn t riition- aind maint enince n.tnilis neces, arv to pet the ni ichin
in oporaition, calibrat' perfortiiince, run part.-, ind maintain i

form A-541
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ninety percent up-time.

(. )efined warrinty for parts, worKn.trnship, and hasic desicn in-
cluding limited assistance for installation, instruction, and repiirs
included under the warranty,

r. V rious shields, sumps, ducts, cables, lights, connectors, bench-
n marks, and the like which constitute a safe, useful, reliable
machining system,

I 2 RES;PONSIBILITY

The intent of this specification is to provide a complete machininp 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.

co 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.
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Code of Federal Regulahiinn, Title 29, Chapter XVI, Part IN(l)
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RS-267 Axis and Motion N mn elatre for Nunerically Controlled
Mat hine Tools

RS-I2I CQnstrhoction Standards for Niunerical Machine Control
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INS. ;IkI Preferred SI Units for Machine Touls
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1' V~l" [lb IKM VNTS

I', requir,-ment set forth are for a turnkey mn achining system.

lHberofore the sy stem provide, d mu st be useful in .) re , sonable
Si viromnent, np:raited by r sona ly -,kilied people, and must
tM- c tl).il leh of re;. son ible production umider nrm al circumstances.

The transition from parts' draw.ings to rn achine instructions

T, ist be within the capabilities of a reasonably skilled parts,
programmer who gener.ates information which can bo interpreted
)v i competent machine operator as found today in N(C shops.
Specification of the nachine, control system, and subsystem
components shall not in any sense detract from the overall
system goals and requirements as stated.

l. I MACHINE DESIGN AND CONSTRUCTION

The machine constitutes the basic subsystem assembly, around
which the basic components and controls 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 or 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
cenerated.

i. 1 I MACHINE BASE

The machine base shall be compact within the requirements

for size and machine motions demanded by the class work-
pieces described in 1. l.a and within other useful requirements
for parts handling and machine operation. Length and width
dimensiontis shall be of the order of three times the diameter
of the maximum sized parts to Ie handled. Depth of the base
shall be of the order of one third the length and width .lim-
ensions. The design shall be aimed at maximiling structural
rigidity, inhere'nt damping of vibrations, and long term stability.
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I. I (c on't)

Symmetry of the machine structure around the work piece is

important. A single piece of granite is preferred as a building
block, although any better substitute would be considered within
the bounds of cost restraints.

• 1. I VIBRATION ISOLATION

The machine base must be isolated from earth tremors. It -nay

be supported in a steel cradle to accomodate a pneumatic izcol tion
system. The overall natural frequency of such a system shouln
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.

3, 1. 1.2 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 smoothed and filled to
accomodate air bearing sliding components on the surface.
Through holes and inserts shall 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 minimize wear and contamination.

a) The top surface of the granite base is the basic
reference against which machine coordinates are
meisured, It must be lapped and qualified for a flatnes:;
of 2" inicroinches over the total useful surface.
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1). A vertical slidew i penetrates the granite slab some-
where near the machine center. This way must be straight
within a similar 25 microinch from top to bottom of the

granite slab.

i. 1. 2. 1 SPINDLE SLIDE (;, axis)

The spindle slide moves vertically, normal to the granit,
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 by 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 r~ichine, the gantry slide is locked by removing
air from th tds 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 spinile 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

1-8
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axt's 111ore than three' ar( secolnd, oit (wI pd r,t0l l with the g rilit

1.2. 1 iI'NNION AXIS

Ihe trunnion axis is provided to permnit tilting the tool spindle axis

relative to the workpiece spindle- axis, after the manner of the

rotary table ol the (;'F I machine. With the workpiece spindle axis

vertical, as c(illed for in this specification, the trunnion axis is

horizontal, and perpendicular to the line of .olumn travel. Provision

nm st be niade to miove and set the tool spindle axis through a full

ra:i ge of ninety d(e-,rees plus five de, rees at either end of travel.

Within this rane of travel, the tool spindle axis must lie in a plate

which contains a line of travel of the colunmn.

1. 1.2.4 TIUNNION 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.

Location 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 pernit accurate adjustment of the machine center above

the workpiece surface to one part in five thousand.

3. 1 .. 5 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 armis

roust be provided with necessary sliding surfaces and means for

fastening to the tool spindle face. Each arn 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 1, shaped

for convex surfaces. Since uniforni feed of the tool across the sur-

face is a necessity, it may he necessary to balance the tool ain.

assem)ly in order to rliniii." tie servo ,ri ors in Ithe tool feed

2-o
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8\ S~tHI. 1.>-trirl~ttvy in thlt- Im i ttll iS I 1 tSiit\

8 is stt ililt\ of thet Ist f ic S to tlt. I tio i T llhie I~ ' t( ' I

lt t()()l it I t.

1.. M.ACI IINJ; (, ,:NTI,: AIPA [I N1- "'I A N 1 STAbIl YX

Iii the conpu$ite machine strut ure ii retotor eise rlibd, it stlid.

be possibl, to adjust and set thi-nmachine tcento r withi in rtl(Ir(Jr
sphere of ten rnicroinches iiiaiiie-ter. 'the itiachirie ontt r 11-c,
be defined by a gaiwc ball which is rtounted on the 'wnrsHpitot( spindli'
reclative to an electronic p robe xvnich is cc rried on the l ool s pi rid In.
When thle two spindles areo sill ultarwnon sly rotated w.ith n ull i ndicall ot

ot the elect roni c cage, the ma chine axes arc deue to inte r sect

ait the nia chine centeer which is also the center of the gLaL~e D;A 1.
R~efe rence points and/or surfaces shall be provided] on the moivinL!
o iembe rs to measure and indicate the relative motions of the va rj)Us
slides and arms to the desired spherical error envelope for machine
offsets within the specified limits of machine m-otions.

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

3.1. 2. 7 DYNAMIC CONTOUR~ CONTROL

The miachine configuration so far specified may be used to produce
a variety of spherical surfaces which may be concave or convex.

Flat 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 displaced laterally in the

dlirecetion of x axis motion, the machine will cut a toroidal surface
wht imay fit the desired asphe rical surface much better than thle

closest fitting sphere. in this case only minor dynamic adjustrients
of the x axis will produce the desired aspherical surface.

2-I0
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t [w 1)11 o Vllf Ow;;)11I the wu pi. ( spitldle. I!'y be dyUlttldiL.AII%

)III r)11(1 il [tilt d (ir [l tio !4, 1 llpitill correctio~n of the(

2' 1011 ,,1II~i tiUIV (P) t I 'I is triti, ipated.

i. Itit. dire( [ion w the tool tip as re-sults [ ruini rotation of the
to) 1 titL. I*CrSUltS fronl rta~tioj ()! tthe too)(l is, this motion
results 111a raising or lowerinl_ ot the dlynariic machine center.

i.I.2.7 . 11 CONT k U F I ii;YY[1- TOOlI. A k ,lI .LE1Nt ;TII

('or re tiolts mnay also be obtained 6y dynainically changing the
tolt a rn length by appropriate- actuator n e ans.

11. 2. 7. 4 (:ONToM R CONTROL SERVO SYSTE-M

HoInwsoever this dynamnic adjustmient is accomplished, the actuators
and transducers involved must be combined in a servo system
with sufficient bandwidth and range to fullow commands fromi a
contouring control which is programmed to compensate for the
differencebetwveen the desired asphere and the best fitting!
natural surface ordin irily produced by the rnachine.

3..3 MACHINE SPINDLES

The machine requires two precision spindles whose combined
pe rformiance accounts for the ultimate finish and figure of the
surface being relatively oriented by the slides and trunnions
already described in 3. 1.2". Since only the spindle housing are
carried in these machine elements, the effective spindle axes
sofer the a dditional e r ror s of' r alto o, cammitOung , and coning
whiich have beenr thoroughly de tine b)y lityant at 1 LI.'. The effects
of s"Irface fig.ure and finish are dtete -inned by comlponents of the'se

form A-5641



_ _I I , U I g a i •

E I 0 0 .- Wallingford, Connecticut 06492

Division of Kollmorgen Corporation

spindl,, errors ilong the normals, to the work surface.

2.1. . 1 \OkIl1GI:'C StPINI)I.L:

I ti wo rkpiece spind l will ope rate with spin axis ye rtical. Its

i", plate shall accorlodate work pieces up to twelve (12) inches

di n e.t er. We'ight of the work piece plus suitable chucking

a ppi s flnt 5 y b' as 0uch as two hundred (200) pounds. The

spindle sped ranmLa is to be zero (0) to fifteen hundred (15001

R PMNl with the wor k piece - chuck assemblage dynamically

ha lanced.

1. .1.1 SPINP)11C l)RIVL

The spindle drive motor shall have sufficient torque to accelerate

or decelerate the work piece combination to fifteen hundred (1500)

RPM in one (1) minute and also to take a cut .010 inch feed/

revolution. Part 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.

.A spindle 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.

3. 1. 3. 1.2 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.

3.1. 1. 1. 3. SPINDLE 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 enmergency, additioual braking power

may be applied to overload the motor temporarily.

.3. 2 TOOL DRIVE SPINDLE

The tool dirwe spindle may operate at anv attitude between hor-

izontal and vertical. It nust rotate the tool holder assembly

at least one halif revolution at very slow speeds, generally less

2-1A
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Olan one \1M. 'This- spindl ust i e6 extretiielv stilt .ri

staibe, in order to pr(vide in (-x,,t cir( ilr ptlth for ih,( tool

tip during the" clittinL cycle.

. I. '. I TOOl. P)RIVE ,SI'INI)I. I LI)

A feed system must be provided to rotate the to,)1 drive spindl,.

at slow precise spe(is tron oWv revolution pwr hour up tu onec

revolution per tiye minutes. The speed nmust be srtooth and

firn without jerkiness, backlash, or softness in the tieed no-cU -

anisin. The idea is to have a unilorn feed for each turn of

the work piece spindle. A 10 percent irregularity in a .0001'

feed is just about tolerable. Converted to angle for a five inch

tool arc, this is two micon radians or 0. 4 arc seconds.

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 (10) 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 OP 001, over a range of 450 . (Note format of the digital entry.

2-fo
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I I KIA I I I .'I V . 1 ( ), , 1. Y--, I

I I t I Ii I N ] ( ,i t' ll T ?t i I r i t ' ) r ) i r I I I Ii , I

f( ! , tl fe t . r i -s . I h! , : ! ,,( 11 , 1 , I: li 1.k I\ - I, L IK I ,i I+ -n -. l ,

t ,!- p d r ,i .\. , c v,.l , f :+i .r ,,, i nd t, PI I id I e d r i + H st' I ', I I h I

i l, - lkt I;It ,t s . ,1I ,i -,b l ii rd t ricntti a%, (w i will i
ho ' :-ptirdI.tt ulrit', s .-,e , ,in1( t!+u tuul ipiui'll<e (lr(,e s SI(+iiI. /'I i -

}{'"<'l iif {}p r~lit{i liit' ,tsI)ipi/t l l 2tilVrit}ii +V Iav li u i l
r  

I(} Ini'l

-phc ritI s irfaI s ,fa i n l td r i d l - rfa ( es whi-i are pr,,'l i,,

.1 a offset of tiIt, X ix s.

i. 2. 1 AIM tPR1EPAIATION AN I CONDITIONINGI

This system shall be the interface betweein a suitable shop supply and
the pneumatic control system. It shall cndition the shop air by

filtering, drying, and regulating so that lie aic is sutitable for the
control system.

3.2. 1. 1 The air preparation and conditioning system recquires shop air within

a range of 80 to 1 10 p. s. i. gage with an available flow of 10 s. c. f. ,I.

3Z.I. Z FILTERING AND DRYING

The filter system shall include a coalescent filter to remove excess
oil from the shop system before it enters the filtering and drying
systen. The coalescent filter will he followed by a dryer whic 2t 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, hearings and actuators of the
control system.

.2. 1. 3 A compensating tank with checkl valves shall b' stpplied iipstream
from the filtering andl drying' systetmts. It shall have sufficient cap-city

to provide at least C t millute operatlon t ti Ow de itt 1I0 s. '.f. im. .ith-
nit{ rei t in. ,  

p-CsS11'r to the reculatoms t)i'1{\X .  ie1 iiillI II (i} p. s. i.
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.. onnections between the air preparaion systen and the control

ouclosurc shall be accom~plished by shut-off disconnect fittings

with I/2 N. P.T. si.e.

.2.2 C()NT I, SYST1M

T his systemii shall perform all the necessary machine functions
to be specified in this section, and contain all necessary COll poI, its

such as ages, regulators, indicators, logic elements, connectors,

Ilbirig with necessary nmunting orackets and enclosures. ihey
itlist be located in an easily viewerd and iccessible manner for

p roper miachine operation and easy access to the operator.

I '.. 1NTI()I. SYST EM m YtNCT10N S

(1) Is to supply constant regulated pressure to the following at

Pl,b regulation.

A. Tool feed air bea ring at a pressure of 80 p. s. i. g.

B. 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. 4.

I). Angular adjust ment sliding bearing at a pressure of
80 p. s. i. g.

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

. / axis pre-load cylinder at a pressure between

3 and 10 p. S. i. g.

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

Ca. (;intry feet-an on -of f cotrotl on the g antry body with

regulated pressure of 80 p. s. i. 4.

I. 11 An nilar loading! Mechanisn - ,tn on - off control on
tool feed carriage with retilief-d prcs. ure bi'wteen 40)
and t'() p.s.i. u.

(. ( iid ,' tI,,iring s wvit1 ) to 1 lbs. p.s. i. c.
rth . li- l ,,r h mIsill '

fo-r A " .4|
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AX\ IS IA1FF ("()\I PUI. A.,]) 1,)(IF.

(I'o )lI)i Po)U;itil i s t t rolled a' .i thri *e pos-itiofl spring htee'

s\\ t h,.ntrihg ill the loicl~cd pkusitiohi. Yl-iitors ol the swithI

A\. 1iit is tccnipish,(i 5ydpplyint, t reglated pi essur.w

Pt) to 1) p.s. i. L!. to the cylinde r housing. Tiiiin to pri-

ss iethe h1ousing shall be no greater than "Secowls-.
this tine,( the gukide ocarings are pressuri/.ern.

B.IoLkingL is accomiplished ijy dropping the pressure to trie

guLide' he..ring ,s and applying a regulated pressure 0 '

10 P o the, cylinder housing.

C. I owe ring of the colunt n is ac coniplished by applying press-Ire

to the go.!ide iea rings and dropping press ure in the cylinder

housing to ati-mospheric . linie to evacuate the cylinder hmis -

ing is to be- no0 greI'ttr thanl 5 seconds.

. .1MACAUIINV INTELIOCKS

Mlachine interlocks are provided to ass urc ope rator safety and to
prevent daniage to iimachine comlponients or parts being produced.

7.'.I MACIIINIK] FUJNCTIONS

A. Cant ry Feed

B. Index Gear I)isenga ge
G. W~ork Spindle Colwn

,Are all niachine set -tup functions and are to be inte rlocked one to

the other, to prevent accidental inotion of one while another is being
o pe ra tecd.

i.: ~..1 MOYOR INT 11< LO(CKIIS

1)it -Any lunction relatled to nih.d(iine set-up, gantry feed, index
gea.r disengage, (r work spindle (uoitl is atctuaited a pressure

'wilt n iT. th- (ont rod *irc nit r\ shill] iritecrrlo electricAl power

!- . itwr itt !I).. spinl,-t IT o(tujrs tn ! engiaL2e any nIt))or brakes iir
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Ntr est, 1t-\he the inle i-rupting tunctioli is rcletserl,

apne on i t Piiiwier in the cutitrol crc uit ry shall enigage n ot or

power and release all niioto r brak'-s and stops at a precleterriined
deQlay timne be twe en 0 and 30 s ecuods.

~'.2. . 3 A low air pressure, warning system shall be incorporated into the-

co t rot circuit ry to ace onipIi s h an ord erly sy stemn sh utdown
and( alert the ope rator to the- p rob Ac when p re s sure ah ( ad oif 01 e

c'On pens at ing t an dN(Irop s be low a p rede teri-nined level. A se Co oda r

low pressure warning system shall1 be provided to detect pressuore

(I rop to the
a0 tool feed 1bearing

b) work spindle bearing

c) the sleeve air bearings

System shutdown mnay be accomoptished by the N~. C. system when
it is in ope ration. In the event of manual control the shutdown

signals shall 2o directly to the various miotor relays, brakes, and

pneumatic switches.

i. .. 4The pneumatic system desc ribedl he rein 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 PROCLDURES

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

in lieu of machine.

3. 2. t. A. Using The Control Panel Gauges Set

1. Tool Feed Pressure at 70 PSI
2. Work Spindle at 70 13SI
3. Sleeve Air Bearing at 70 PSI
4. Angular Adj. Bea ring, at 45 PSI
5. t. axis preload Cylinder at t) PSI
6. Gantry Feet at 45 1i,;1

I.1ndex Mechanism IPiSengi1,Ae ti 4~ , SI
8. WVork Spindle Couim

i) P'reload~ IlctriT L 't i. i

0 o Iirlc I'o.~irioc- it I., 1 I

lall o 11 . t f

I it I I
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ai 2 pi 1") U 1-, 1) mts(' ;Ur( 1141S 11, t(' 'lt )I;

mit rul ol sysl! tl th 1 loWin42 f)OiltS.

liii- y 1" ,

I) nde(x Mti harlisil liel1a4

c ) I uide fe i1

'tIa id( I )wn)

2. With %vcurlK spindle column in the 10011 nuldc

a) 1Kna14 Gntry loo(t Fuinction (in this niodle)

1. The I .oclh 1isr niage Operator and the "oo H

Spindle (J'otIonn Ope rato r s houold not tuncite.

T. he Tost ("a14es Should Read:

al. (;ant ry Feet 45 PSI

1). Gecar D~isengage 0 PSI
C. Preload Beoarings 3. 3 PSI

d. G Uide Bt. aring 0 PSI

e. Column Pressure 3. 5 PSI

i. With (iantry feet and lock disengage function in the of! pusi-

t io0n:

a) Torn the Work Spindle Column Ope rator frolli the

lock to the lift mode. (In this mode)

1. The G'antry Feet Operator and the lock diselitt4acLe

Operator should not function.
2. The ("Iages Should Read:

a1. 0I PSI
5i. 0 PSI

r.35 P S I

C. Io PSI

1)) T1,11-n the Work Spindl e (Jot iin ( iperat or lroii the
loclK ?I od I to lie (iojwi mode. (i this a

I I hot ( i r y I" I' l Opt. ralw r ,i n 1te w,

,Iis c I I t - t )pertor should imt Iti i Lt iorif.

2.I hc 0C Shei5 101 Reld:

0 ) I

form A- 541 '
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.. t SYSI 121

I twCnt r~ is a i digital (N positione r for -iutomatic

tont vol iii (_) to) 41 1ii . It uses5 't ll111 ropoI)1 ' s05 to l~lill/

!w II IO)I . 5(.lS 1 !(a1 t1 d IIi W S11 1.1 tinl A', pt-(Jvtde I [,Xil 1111

cU , vs1 1 
s i t ~ 11 '" cn al ('-; ol ;)hits arCi)in~~fi~ Ii.t

111rit, pv ~.~Iit perkol-l!i m ntc and1 reliability itt IOW J05t.

symtpili isi) opr"Aie in cithur coiitjilovaton liUtM )'oo, or .n"q

WI ')1 11 ttln

frvont panel keyboa rd tlowinn easy uditinci and correctlim

Cuoltmniais (-anl !w; 11nc rentental andi ali 'nteC 1OostiOni!-n',

%elooity, %I tnn ctio Os, And offs et , in aoddit ion to opJt ional

Iilwa r and circular interpolaotion, andi siilnoines. Swh1-

riard MC1e10ory enables the toi-age of160 lo) h-ra te vs

(about W00 individual, co) lit-in'.ds), with 20, 1000 charoc t(.,

storage as an option.

16101A cards are available with Wfi It in "HUM proc ranwwn

so that the data Irom the internal miemlory can be storen- intlo

the PROMIV cards. -These can then in retiioved and e-se

whenever the job has to be repeated.

I he NC Steni shall performo the fiollowing:

1 . Sitiluitalneous axes positioning.

V.linear or rotary Wagces, uip to 4 axes.

i'. Inc retiental, or iibSoItt lortlitat, ciiXed.

-4. I."nglish or nt~lric, sitciiabie.
Hesoilwicn canl be 5Ipecilied as .OiHI-,,OH. OHHH2i

0. I'uilit-t()-)oiilO t)osjlitim n2, Iia1 Il 101 irve t r inter-

liii , . ,,n I a f . ' i ii

~ve 4 r,,j
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1 Ii:. !, I 61 )ii.

pl i ct d i ati l'it e~ r* ' le to rephi ' ri ~ _,

17. (Juti l ' i ds 1015 C ll 6A. enk re i d I I-off th[I ' pi-te '

14 1 SC linnaL V or mw~ ry etttitl rs, awi closed lhop 11. C.

C k~. ' . displiy I lo lolitti p os ition 'Ind colil:n ti s, . nd

1 1 1VT OL AXIS_

This axis, the indelpenden~tt variable, shall cont rol the other axis.

" I Rotation: 1135' I' xinurli
b~) F~riction: 1 - 5 inch- ounccts

C) Inert: Approxifiately 10 x 10 Lb-I -Suc
d Speedts: o n~ti 00 sly adjus table

1) Cutting~ -- 5 minutes pei rc'oluttoti (maxt

500 minutes per revolution (1t jot

Z) Toot Return -- Approximately 30 seconds

pe r revolution

3) Accuracy -- I to Fi,

Q SpeeK Aniuhar Steps: Adjustable- 1)ovw to the resolution (-. the

indoctosyn or- approximately 3 arc; seconds per nl.iilltl n.Step.

11 1). G. NMtor: To 10) LIC 60Ut inch ouc peak

Iuillun Sensjtjvitl: 30. 5 o1. in. :amp

I." C Pesist'lnce: S. 4 ohm s

Inductjin i: M 11il l y

S'titi( Iritioi: 1. s o". in.

form A-541
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\ ,t~ , %'>ir -,tivitv: I.. vilt-,/ radi ii S,'€i l S

Ind'I ct'i, c : H M~i) 11,i! 11

B ip.pli \+ult, . c : I.5

h) ). C. r-j.i Aniptittc

I.inetir S.Irvo t)riv( Amp.

Output \'oltiiv: W) v max.
Ct rrent: 12 an pS dax.

7 aips coItinuous

Velocity Control: Quartz crystal 4

1)ynamic Braking included in Amplifier

Anplifie r Controls

1)Current Limiiit 0 to t2 amps
Z) Rate Feedback Gain 0 to 100

3) Gain (with pre-amp) 10 to 1000
4) Gain (without pre-amp) 0-3
5) Offset + I degree

(normalize to tool shaft)

i) Inductusyn

i,/ k.: 3 to 4 inches
Iotes: 3L0 to 512 (sine & cosine)
A,. c Uracy: _ 5 arc sec. (over 360 l)eg.
S ensitivity: 0.25 arc sec.
( r. 'rier F requency: 10K-i 3%

A. X.1..' -)IS (lINi" AR)0

Its position ,t function of I",

,i) I ietea r 'I ravel: 0.001 inches
51 1, riciin: 0 to 2 inch/ouMces

I) I i. 't :0 pound as-
S1 .0,01: 0. 00 inchcs pr , s ('i )11ul(1-; (1latx)

0.00I inlchcs icr a)ttintutis (iin

V- I
fo>rrm A 541
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c) (Uperdtjillil IliV~~i Aii~pliiier

BiA.S A\ IjSt: 0)-1000v D)C

1"iti1 %%jdlll 100t I1/ (Wi 3 )b points)
Ou)ttput Caci t 1 nit re .s

()-'00t 1on1-inlverting
In1put ll~iK~&: Approx. 12)) kohls
!\eg u aijoli: 0)- 1', for 10%, line regulation
K ippl( e .N o\iS4 siO m( v rmis max.

:1 feidimk (Jonlponenft,

I inII'A r P I III, C 00 5 inchs
liiiarity U 5
Sensitivity: 2. 7 niv out/volt jul. 001 inch
Phase Shift: approx. + 70 degL.
Car rier 1I-req. : 2500) 11/.
Input Voltage: 3 v rmis iuwinal

g) Feedback Amnplifier

Analog. DG Output Signal : 0 to -v DC
Output Current: 20 mia niax.
Freq. Response: 250 H/. (-3 (lb internal

f ilte r)

Ripple & Noise: 15 nirv coax.
Stability: 40. 05%, (full scalel, after

30 miinutes)

Hysteresis: 0 . 0 5o max.
Output Impedance: 2 ohmis niax.
( ;ain : 500 nev rnis in for 10 v

Dc out
to 75 rov rins in for 10%, DC

out

Iii put 1n ipe dan ':i : 100 1K ohnis
Regulation: 4 0. 11%/ for __ 10%1j line

voltatge

NOl'I-.: '1) linea~ur feedbackdl in nf i itio n Can be obtaine d from.
tHe v)' DTI 4) 0i n KI I o r A n a luo brin I ot(r p r Qce ss ed(
()j eetly- fr-om theC IP V))'i ;t bUffeCl amiplifier (2 5ID)
ils reqkesti(I.

form A- 541
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";.;.[ ; ,,XIS (R(M T,.INY)

This speed a function o ',

a) Rotation: Continuous one direction

b) Friction and/or 'I orqu': I - l inch/ounces

c) In ert ia: Variable 10 x 10- 3 to 0. 4

ib-I t- ,ec c

d1) Speed: Conti1nuously adj u stabh ii roi

20 RPM to 1700 RPIM

e) Accuracy: I to 5 %1

f) 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 ((a'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 t(, 6
5) Offset Adjust + 100 RPM

i) RPM 1)isplaV

Digit.1 1

Accur.,Cv + 10'

R~ingr. 0 - I100 RPNI

torm A 541
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~. 2.! % N tlltltl I)Ai Input (Mv. 1,1).1.) T he operato-r can enter data Irotl:
the I~eyboard in all modes. D~ata is ente red and executedi onec
b~lock at a time. It allows for such ininiedjate ope rations aIs
set tirgi offsets, Velocity, Or wtiovin g the tabes to specific
positions. The command s are not e nte re(.,i i nto the N C.ne mo ry.

3. . 2 2. IO('-OQN/,JO(;-OF0,' - When the jog -on key is- depressed, it i1lo-,%s
the jo g button to actuate, the drive. In the 'job miode, the CP F
display displays (10O(;. When the jog-off switch is actuated
the display of .JOG is removed and the jog b~uttons are inhibited
from actuating the drive.

3. 3. 2. 1 3. ;.,dit ON/OFF - 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 miode to ope rate mode, the
edit button must be depressed again.

3. 3. 2.4 4. Automatic Operation from Memory - When AUTO button is pushed,
the system ope rates from the built-in memory.

3. 3. 2. 5 5. Automatic Operation for Prom Card

3. 3. ?-. 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 42. 500 is the same as 2. 5.
The entry of -13.00 is the same as -13.
The entry of 01 is the same as 1.

3. 3. 4 KEYBIOARD OPERATION - The following is a list of keys in the
standlard Anomnatic keyboard with associate:d functions:

3. 3. 4. 1 MANIAl. DATA INI-MT EIKYS -

I- - Indicaitcs leed rate (axis spcd
- ('sed for (I functions - St s~ toOu 4.,

1. J, .1. - sed tor (ontour iLolile 'nds - ie!tjt it( pkusitial:
cett'r ot roLttionl.

- Alsoc iser! itot funip4 (0011i .w , 1 ,'-'0 - i ,,) to N.
I t eti lor StI61rmtiro' aII

I~xanplI 11j j@. hi ills thet rouilties that start it seuvin, t'

form A-541
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N '00 al( I ontinues excculjnlc od -cUntil IU j ; Ile&ijc.

\1 I- C, o NI llnCtiOnIS - SCO SolttWo re I)S-tpt 'on Nianu;jal.

'N - Iso use 1I or 'Ijence nl!0 id

P - Ih( Rpea itEnction.

X. Y, U Ised when ('lltnwandinLc any of 3 axes in the machine.

V - Ind~icates %-tr iable.

\VI t o V\ -

- ndiCa tc S I Q1, 1.-N 00(1 ill C(jLlat ionf notation.

I i\j(idc

- lleciitt' quotat)itonl I~r~ sed( when characters, syinbols 01r

nw(1901, ?7!zs ,7 I0 nlsll~tt(ld onl the RS 3Z (',)inectionl. Any

011 ri. ttis syn 11)ols or nurl2)rs transmiitte'd :aetween quotation

iil rks irc riot 0)pt-rat(! upon kisod 1_)r liiarlings, diata clarity, etc.

- Multiply

I - N Ii 116 rs

- wIou 7 ii z, ( illi01 point

- I0101 ldIC'''-SSpaLIce ( Bla nk Cha ra cte rIi us ed typicall y f or uata

Irins II ibs ion c larIit y.

* - skill (:1' puS iti ve 0011. be r

- - Pi le ctrnce (or neg!Lative nuiber)

CL- Cioa r 1I:ntry (Clear last digit ente red)

1.,. N NT ' XLxL

Wkhen depressedl, the sys tern executes the NI DI, (NMan ual Data Inp ut).

When in the E~dit Mode, it causcs a carriage return to be stored in

the nieiory. The carriage return causes the e-xecu*.e tuntioil to,

ocr u r when the s to red code is decoded by the C Pt* (Central

Processing Init).

3. . . I CI.P BL1K -Clears the total entry (in MPu Mode) or clears block

where the cursor appears (Inl 1KI~itt.

3. P.o LI T Mon 0 LI"LCEYS

1. 3. I E)IT / F, XIT - FPep res si rig this key while the CRT dijsplajys

the axes infornmation, places the C111 systemi in the 'EDIT' Mode.

Depressing this key while inl the 1-lit Mode returns the system to

the normal axes Mode. . 'Ilii t'dit Nlet is used for:

1. (h~tngifiL ,C Co) It thatl i'; in l N

2.1rogrlin n1 togl 111 'Pt MS

~. >c luclirI2 tot- 61)1,1 )! .k (o()Ie til l hive Sl'(jueille null 101>-,

4. ;,wjic i'kk N ill I l l !,k) iwto 1l'I14QNIS

form A-541
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This is tdpressed when new N' Code is to 6e stored in E PROMS.

This new NC Cocd nust 6c in lM. The CW<V Display will dis-

play ' ARE YOI St PEIC ? (Y/N ', after the PROG PROM key is

2epressed. It the user wants to prograin the PRO(M (S), the 'Y'

key should be depressed. It it was an error, then 'N' should b(}

depressed. When the p rograninvcr is finished, the CRT will disp!

the nuniber of Bytes progrannied.

. .. 3 READ PROM

When depressed, the system reads all of the NC Code in the

E PROM and stores it in RAM. This is used for editing NC Code.

. . ,.4 SRCII

When depressed, the system displays the word 'SEARCH' on the

bottom 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'

3. 3.6. 5 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 fron PROM.

. 3.7 JOG KtIYS

3. 3.7.1 ,lO{ O)FI.

I'liuriinate .JOts Mode - In addition this deactivates the following keys:
'tlO1MI' 'P<EStT' ' Y', ' - X', 'FAST', ' +X', I -Y', ' C',

'CA I, I', 'P I TN .O'. NOTE . WH1EN SYSTEM IS FIRST POWEIP-

il[, Tilt. SYSTEM I)OES NOT IAV/.E 10(1 MOI)1 ON. -I'lI I:REFO)tI,.

II IS NITCOS5A <Y ' PEPI;SS ' 1O(;' IIE It SYST EM CAN BI1.

(t)\}MANI)I'P TO MACIlINE t()Mt.

'. $. ,... l){ O)N

:ual)les lg k<eys dest ribcd abo\c

form A-541
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\\ hen depresscd, all axis arct unnua)nded to niachine 1101\1l V. All

axiS StaitU-S .11(' Shown as '111\1-) until the systeii is H-OME1K when
l.Vt)Yppea irs unih r the S ittu ISleadini.g

N\hen de-pre-ssed, ,(t.Is en axis positions to /.e i. Also

whenl depressed toiniads it) flie a1xis to l(~

Mici hel lpissid, it., ruases luispeed.

tj CA L11B

Used whenr an axis or tx\is has hel Oi (li; When depressed,
changes the displaiyed viii () thc XK, Y, 'and /' position to the
pos itional1 nunhbe r thait tho th reic a xcs we r i displaying prior to
depressing ainy ot the- tUB Ihittonls.

1. 3. 7. 7 P VT N J 0(;

tsed when an a xis or axes has beeni I 06C IKI. "'he n depressed,
inoves any axis or all axt s that have been .10CC (I-CL) back to their
a ritzinal position - the position of each axis was at prio r to it; V.

~. ~ AUTOMATIC LXEGU'rION KELYS

"'hen depressed, commands the systemi to execute all incom'ing
coninands either from PROM or Iron, netnio ry. C RT Lisplay
shows 'Auto-) on status line.

ST I.: P

WVhen depressed, conimiands the systeni to finish current coninrd.

1t niot collptete, CR1 tPisply sh()"s 'St IA'' oil stat us ltint. 11"

trrder to continue exqeciir! c; :a illterlli~y stored, the ape l1i1101
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1, 1 j). n t (. r f I I I I tw I i i

t 11K rl~ s ( irrIt j l, 1( ,n u fs t (

M ilVN W) I

WVhi' n de p re ss el, while Hte v stem is in the axes mode, th, ("Pt

rinsnils the e-riti cc contents of the 1'11)11' Mode onto thle PS?. 12 port.

3 0 .1(( 11()SI1TIONINC,

E'> ( h axis is i nd epe nde ntIy c=ont roiled by J oL, switches . All axes can
be jo ii id sin ulta fl0ous ly or indie penodently . If one of thle axis direct ion
is depressed, the table mioves by on( step initially, then rTi)oves At a

constant slow speed. 1f the fast key is also pushed sintultaneotisk ,
then the axis will move at hiizh speed. T'o move any axis one step it

~i time, dlepress the _o:)L key miomientarily, (and releasinf.z the 5uttonl

quickly). At the end of _1iuulL~ni=, the ope rator miay exit by pushin.

(ctlibrate, rtaun lroni 1bcL, or simiply enter a new coiilnid.

1. . 9. 1 CA Il .1 lP ATI1

This switch (,an be uised afti r jogLinc!. When dlepressed, the:te

dot [ot iiiove, but the (lispitys are set to the previous comn11)Iind.

I',xallple: It the position of the axis was -). 0001 and the, Ope rator

IitLs thet axis by _1241 , then Hte axis [loves to 5.241. Nowt., if

the calibrte outton is rlepresatil, thei the display L~ocs to -. MMW

witholut Tti\ in t xis ;in this rltaniit , 'n o.)tfsii is wchjevt',

w~hi , 11is e alto til all 'moot olt )ILt . t- t oses the sanlte fst

lorm A-541
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M1'tkhill' stops wI'tI o l ~ ,l Il ' i l I , ( )I11 il ldsU. i illO w Ao(k. I it(.

I I .t A II It IIt I

i i ti_ lt i t. t t:

I. I. : ot Pr ogrt

A 1111ction indicates completion of proc ra ,. The pro ran. is then

.starte.i, (as with RSTRI keyl, execution ot procrar, continues.

It MZ does not exist at end of proi,.trin, operator rmust push restart

to start the proLrani aLiain.

K.4. . M Mn: VEnd of Subroutine

.4. 1. N0: (lear Menmory and wait for Input

.4 . 1. M98: lProgran mnable Reset

Resets current position to . e ro. (I)oes not show offset on display,

will show it only when you push honie). To clear it after f! on c:

Reset attain. To clear offset M99 ent/exec M98 ent/exec.

K.4.1.{, M9: Honme on all Axes

(If one axis is to be home:M99y). If two axes to be homed N199 X M99Y.

This sends nmachine home, independent (A olset . It on( wants to go to

witset 11 once M99 XO YO ZO CO.

.-1. 1. 7 MI ) to Ml95: OL; put Function

Ihese- are output functions. 1-:a(hi even :; turtts the tunction on, while

Ht, odd 1 turns it oft. I':xan ple: the st I lun tion is 0 t1t1i ate y 10 -I 01,

(l tii t rins it on, 101 turns it off).

K . 4 . 1. to 1, : i l I tnll ti, l

form A-541
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p \ , tIL iiI to , .\t t)l tb unti[ till- ~ m ve tll".' yit-

stc (Mids to r)4 sc ttris, t(kirittt, to 3 nist(s. Fill delti' , as

to bc pl-c t- d !)\ (X). I ni xvtripl, (*4 X . 1 (sI .(in WliS).

l)eltjy otcurs aitt r ttibh lllofln and ,,, Villtiorls ill thui nlocks

14~ . (;9: Continuous Velocity

1. 4.1. 8 ;5: Lsed for output of nitessaues aund data

Output characters on the IS 2port, (uii~pktctr intctra~c,

JI-,i:L interface. Eithe r axis dlata, \diriabl1 dots, aiphi

characte rs, or any combination. Litw iii ust aippeir It till

oe1inrting of the 61ock. Any datai or -tritib~cs art inttltcd Is h-

I ined. Any nicssales to be0 inCludedi a in- to 5e tIlk IOSe') in) IJU-

tation marks. 1-or (xawmpr, 'X-' winild (rtnisrit X. Ilo\A.'k('i

X wXithou1-t pare nthe sis W()Lild Irt ranS nit the a Vt' 0)1 X.

I:X ( ; M 'X1, '' -Y Y ' / 1,t / \1 'V1

It tOW .tlbtVe C0oiii'uard WIa5 txe(CUted, tIit tlowilli2 \V'tLiIdI)

pirintedi.XO.OOYO )XOU.0 \ I0.()) t

V 4. V (s): Is stspl~d the (liflesi)tI till' ti ti, 1(17 u ni ol tn' a)i ib

X~~~~~~~ 0 Y3)) .,e~ilpr o

form A-541
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!I,\J wIIKI il !)(.I. ItNI~~1N

It he )(((l t (It th Axes ;III di lt rollcdi by i'11ierim- , ~ d .'' '.kitil

form A 541
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I I, )Ist i c ki l I ( Ih - spSIi

t)" 11 )Sl' i r I .il ti. jt'I iit rr!h I., u et

Cul Diiu ! l i V ur et , ii ii"~~it K 'Ii I it i D i

(orI V(' rii Dj oltll ih; ti-ias i Pinipt ill Li i ird ii Lii htI W1 v

rpirle ot W~ tn th spet(tili Itirg atv teell er' wI oiw t!)" h

p ro Anam erl insl heetac. / untr liote(ll !W, t e sler sterSo

prere iv r it peron e mselilesS p it w l te~t fu rnsenS.tw slc

I. I r. .Vl '(lleNv \vI3ASL(y c td ~ ie ol t t"

w!eek ri orjn to the sE~ae h )I j e l jr ur it 1 oianI ni- - it l oi r

11 1( in ()(Ii r yrt el'ir I t-, L ti.. i_ i nO 'i ll iXliu6-s, sjalt. ~ %ri l,),

\trv h i ;hnl \ukt t ri l r ut P oll 11( vi 6ei p eplireditt -A ("

p roe ram ile ri l ion silltie 1wsa rioeni. by I iaIIOkh > ii i

[tLL)i ser l haso n ihetka ' witnes theI~ test runs. I~ ti t~i ~~ '

I he inVchn Ims shall beN Stw )- l I!()r

iinw c ito Li a iisul -ilat !i, ., theu -xp se s 't' *, n I

I tII IIIt I II I' -

I



( ) . vingford. Contnecticut O5,4i,2[ [lvils.e of K I lti r~e j ( rporatior;

-l "I,'t-*i l. !, i ! Il n

A .1. .1

!,I Ut it() I ~I (c 1 (i t1)(IIIsI pu S -t rAIt A i - sIjiduCs and ( thII'i r r eS 13'. tt u

uA i!II) (c 1Ts. T hvI( sIijdes I fl I IS h~(- St raji ht a nd s ta b I du rini

11,I cit I t Ie , ( at it I U ( I I , ' I Ld t I I(, r ,,t rai iL hjt n I s AW'r - I A ij~

Fhis slide which ispi udd-d in tile iranitu ock, is used to raW-t
lnW- It>At the wkurlbplt I spirldle ill I st rat ht tlne wich is ion1 inllv.

perpfn-in klar to the ur mite surfacc. Uts othopani~ty to Ow~ 2 VtII(

Icis not, Ansl-wltelv essentiai, biut its stlmall inclinamtion to tilt-

I? tint w, kn2fown in i-Iatgnjtnd and direcion. I: this

in. liijin te"s to Arc secoIIs, riwasLITd arloundi the j. Axis, it

iiuist sin- Lorrtt., i appinu thu vranitv surtaw, or . rrtcimfnn IVt'

'hit' , 1(11,) ti lt, -lj( ''A'ys. NMOls uretllC tt Illay 0' 1 Ad" -~I' rii If

iill11 oliljistor o11 thet L1>ttlittc SUrltk , :11l(] elctrOnic Al-i~n&t

otptio i flat At I ist [I( il,'hus 10fl14 Jid'( lont the- Line o! tr (vI

.,LimcSt thuC 5tIrm ( o! I'l Slid(.. t hese, dltt sh'ill Ili. re. srdtiii

('It( 11111 jIII oU slid( ta rtu.,A [poinlt in thuc 5 1 )illdii. Axis ai th'-

ilwh~s ):sun~i tims.'l. lumritm2 tlhis, IrLvI, tilt, poinit shil II ii

,k int Ijrmi , siiOIit i-, tht-rpmthan P! shil tilth 10' Aimi iii, .It-h

iii' t, W Ijtt, tiAt)lj t ithin thiet njljionths tl All inli k)\ ! Ij

foirmA 5~41
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[I 11 Of))i~t' 11ii I hull', strucili' i ; iiaI'to rule uVcl' tin.crrlt

.'i(il' retils 'vth Ill' 11 c'5 1. tnl! S cI( k points on ti. !(,(,

f)! the ganr 1'\ HIV io' ()! ' it IL''. ulo(ts X\I-t'asrcrrno'~ irid lt-r

atoplic.aticin linty eruic Inscr lI uc Il'whichi is ;llowcel ot- it; 01,

I cs i,_,n. h'I'l ,tnt is htii tM slid' six inche" ai~ngi the y Wxs w

t'A'i itich(', :ilont tht X axis. ()%(I- this UoiiLi' Uf travel, the atr

s'trUct(Ire shall Imt till in any rilroctioti nor'1_' than oneC so(!eld l01

ai UC. Ilh is ti: a y W-' mrsuu b..1 t ]iy an optical Hiat on the vant ry an K

cll atltOlljtot(r on the uiranilo' sijil, as the gantry is positioned]

over AhV gtranite' surftace. At the' sawle time, orthovanality an']

stm rahness of the sico rails ma~y be checked against the optical

!Itt, using thet autoclliinator and an) (elect ronriechanicali probe
rnlounted onl the granite surface. Assuming absolute accuracy of the

page bilocks used in posikioning the gant ry , lte comlbined st railght -

ness and orthogariality of the guide rails shall not pIroduce anl (eUroar

o1 positining greater than ten rmcrojnches in any position of the

machine structure over the table.

41. i . TP iNNIUN AXIS

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

it no aoy be e le vated (turned) a round this t run nion axis as well as

skid 4 one inch along the trunnion axis. 11wu trunnivon axis is

non inally ailonrg the x axis oh the it a chine as defined by t he guide

rails on the 1 ranite surtace. The t runnion axis niust be orthoganal. to

di re ct ion 0f the m'10otjin ol the vo rkpie cc spinl~t!e s lide within

w o secn 10( .)I arc-. 01-1, thet one inch travel, the tool spindle

varrval2I shall niot tilt niore thvin ont' arc second as a result of the

s lidling, mlotioni. This a tlin, chu cke! by an autocollin-iator onl the

viranute surface against anl iptitial I lat oil tito side of the tool

spindle car riago'

rrA 5)47
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;.I. ~~~ ~ ~ m . r 1 7)v"i,,t [[ It

!W tie - 'I ,s t r ' ' i r, lit i! l l 1.,1) nt 'y s tu ,U til eIt
th , ~ ~ ~ t,-' ,; :i~t ' . s li ti '- ),.t t. I ,- , ! ! : r I) it! tilt-. rtr nillio l , th -,

!Ir ' l I"t I r I,1 i ! I ., .t Il i sIl. I t' , (-' v.hik'tl I ,t p ktS I

tii. fl, t Ir I '' i t 1 iIl, - t t titt cItfllI r;tlrfa t( - is prot rl
t,!~ l :, :, !I,(. t,,, l % r ., , ill tilt i- it s lid t-S !).1( 1< a nd !o rtil

' h.w. ,,l(. S(.,ond lilt. I i ,i-; in,,ty f)( ch( ,,kt.d 6 ," n opti, ,I

kiat , lta h," tool ,r i-.,dti S ,ti) jutto c-ollilttor on th(-

cijnilt' sIrii ,. .rin th,. lidil: 0t'rin , is toadtrl y w ijht

olZ thl tool c- rriaut', its 1rsur,' Ilust be c( rkiully reuulotton
.S) ois 1Ot Ito cllane(t its ck-,ittintt durinl operation. This
cle t ranc mIlst i' !held ac, curately with ' In idcron durinu
nachine opt ration. Its noI)in,L l clcarince is approximately

tour (4) nicrons.

1.2. : TOOl. It)IKIRE[ APM

The toot holder arm shall slide on i surface which is orthogonal

to the tool axis spindle. Jistanc , o! toe tool tip front this

rt,,l'rn ce surface H,1one the tool spi ndle axis fiust be known

iccurately for preset tooling. Also ,hIe tistance of the tool

tip froimi the spindhl axis in the dir('ition of the toot holder arm

moust be' tccurat ty known. Wlien tht. 11 axis is in its Zero

degree position, the tool tip mrust lit' directly below the tool

axis alonl, the link' of the work piece spindle travel.

1)eviaitions of the tool axis ari from its prescribed direction

shall not cxcecd ten (10) nicroinches nornitl to its direction

of notion over a distance o! six (6) inches.

4.1.2. 6 MACIIINI- (C:I'NTIK

The nichine center is 'efined as the position in the tool spindle

axis directly above the tool tip when the tool spindle is in its
/.'to position. Position (If the nIchinte center relative to tht

work spindle axis and the work spindle face must be accurately

I<nown when the rachin( is set up. Whlen tratnducers on the
vtrious slide axes are /,eroed, the tool spindle axis shall

inters' t the work spindle, axis within ten (01 nicroincht.s.
JThis lay be, (itt keld by il lt liga ,entgiu ball on the woI'llr
spindl(- tl tl11 ;an e, ectro-tItechanical proble Oil the tool axis

spil(l'. '\ ilh Il .tx 's x ,t' ot'd, the prol)t' is tdtjustcd to scmtn

form A-541
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tIl toolinu hall until its coInter is locate(d. This mi~ay he ',,lo,.
with the tool carriage tilte(d orward at soIl( angle such as 4- .
1'or a 7cro setting, total indicated runrout on the nall ) l aV not

x( eed twice the certified accuracy ofl the hall. Spindles at'

tfllned sinimultail.ously to c(ondtilcI this test. When the test is
completed, height of the ball above the granite table inust )e
it( t uratel\' measured ad then recorded. Without slidinc- the.

a r riage and th( t runnion axis, and holding !he gantry on tu(.

, ranitc table, another ceute r at a different carria e inclination
shall be foii d ild recorded. Jotal indicated rutiout of this
second nieasorenment shall not exceed twenty (20 nicroiunches

tor a change in carriage tilt of 45.

. 1.2. 1 AIUJLSTMENT 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 ,cechanicat olocks
as heretofore described.

b) A micrometer in the trunnion slide may be adiusted.
c) A linear actuator carried against the micronmeter tip

to produce a fine control motion.

d) The work spindle columnn may be raised or lowered

a prescribed amount.
o) 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.
g) The adjustment may be measured by the laser gage

if available.

4.1.z.6. 2 STABILITY OF THE MACHINE CENTER

Once the aforementioned are made and set, and the machine

center determnined, it shall remain stable within TIR of six (6)
nicroinches on the gage ball for a period ot one- (1) hour or

11ore. This is prestning a teniperaturc of the enviroimnent
held stable within 1 I" over the test period.

I is !, spindle'; whic I . ineth 1, i1mchiuinllgt ucctum c mu".

ill'.t( tini.h wi Within the .t t1i)iit i t tIip ,'itchin.. ihe wOUIK

osi, l, 0: , Ihsr . t rt. Ii iss tiI 11:- A tr ot t he CAxis

form A 541
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c . 'k -t t , I t I IiF te }'~I' II1 Ii - t ph , s aI ,', ' ,. : i , F'F - . I ,,, -:]lJ

4 I \ s) s U, 1l1aC I 1 Stl ; 1'1

I 3is spinld shall e d HC t ( Ptt. I % . A t!sted twe ( ' ll s 'tilh t-' ;

IOI01i tt'( I oi1 th(' spli d "Ie It'it at a )eiuh t ot app roxin at(ly t o ( 2

incIts and ct, ntc red within the tolerances ni roundness oi th"

caLe nail. A capacitance Cage may be usecd tor dynan ic chec ks

at hi aher speeds. A plane mirror may be used on the spindle

face, perpendicular to the axis of rotation, in order to noeasui,

wobble. An auto collimator may o- used for low speed checks.

At higher speeds, output Iron) the split sensor nlay be disola,'d

on an oscillosocope to determine dynarmlic spindle wobole.

Spindle runout is determined by the gage ball and shall not exceed

two (2) to three (3) microinches at low speeds. Spindle camneinu

is measured atop the gage ball and shall not excte(d one (it to two

I2) eicroinches at low speeds and shall not exceed two (2) to three

uticroinches at the higher speeds. Spindle level at low speeds

shall not exceed one (1) microradian and not exceed two (2) to live

(5) microradians over the higher speed ranges.

4.1. '. 11.TOOL l)RIVIK SPINDLE

The tool drive spindle may be checked in a similar manner to

the work piece spindle. Low speed tolerances are the sane

is for the work piece spindle. The tool axis spindle should

also be ch ecked for axial and radial stiffness at the tool tip.

locating the tool tip two (2) inches outward from the tool axis

spindle face and six (6) inches fron the spindle axis, a torc

nf ten (1I gratis shall not deflcct the tool tip mnore than one (1)

niricroinch in any direction.

. I. lhttNNION ' 11I AXIS

'I he riln i('1n tilt axis tklltito s t 1 rotary spindle 1lthou i it

Aso pIi ,n slidin2 Illlitll. lUlOll and stiilless ol t

lar ni~w i'i .,l" .,e rii tic>;s j apt if i0 '- to '" on(. (I) to tawo (2)

f - A-4
"form A-541
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I 1 ii I s c pa t I r I )ii t to-k! t r(k I I y ,11 tl i ga 1 t I t U( 14 t r I I It

snla~t inl . t ( t I i t r . t , I, .

4.2 lPttuiottl Instipw P thu tnull ati supply itil tijittiul 5sytt'L K;

, 1tte -r tit I )1 -[ItI I illt. y u1 tiI] ) I ulu) .t r, tI Sys t , t Ii s1;5 W I kI ) - tel- t i U

mtachine. Nutl i t tin1 sit s sttt. 1 nlru t wtI'l) tjonA duing~u

tustjiu 01 thc Spit. Its antd slides. Satis:ti to)ry et-tction of tilt

p)reviouls test in section 4. L.14 f. nd 4 1. ~ shal bes a

S;ttistatctory de.Inorist ration o1 the pnulati( ont rol Sys!,.(L,

\vitI1 thet lullowitti exce pt ionsl .

ai) Safety inte rlcks and alarnis must W, denionstratuA.

1)) Signals to the N/ C sy stem nmust be tiecions trated dir in

the N/C Sy stem' AMt*L out.

4. 3 Functional te sting of the N/C syvstem atnd -K rvo Cont rols 511al)

fol-low the precepts set forth iniicuticln 3.whetn theN/

System has been installed.

a) Each servo and control shall be checked Or per-
formtance per 3. 3. 1.1 3. L.1., and3..1..

5 Each of the operating nmdes sAll be checked out

as in 3. 3. 2 throuchi 3. i. 9.

c IA ')routrapt shall bt prepared1 to mchiine a sample

part using~ the necessary miscellaneo)us functions

desc ribed in section 3. 4 awd a santipl part shall

be cut and] t asured to determine overall function
of the nrmachint, systeni. The user shall specify

the programl.

4.4 lll -IANLTlKSlIN(C

Thbe smiuple part(s) Mee w!] KhIl M least it ewt the rvcqtrettetts

sit forthi ini H)A M - 10-<79-CL 0-it -r i on - i_)1 ((;(_)Ato r

p)ttu i'sitiu \1aillti-d ttpti, A PV i Stut ii atitucsh with thtt excepil

I stctiolt

fnrm A541
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Fv' " c ftl.s 'n(' ( l~ o 'l - dtI t he D

B y tho titi' or dam- spec'ifj&'-l ini the ))u'c'hasc rv ,M s(n h l

'unjsh two) copi('5 of ('Ar ol 10r (OCHIitiUflt (II' rils-id Mowsn. Buyer

itter whic h iabricatiofl nany bouin. Approval of the.se (iorwnts

shall not ro-li'.' y ths e lle of the obligation to p ru vide a s vslw
conforilo to these Spwcifucations.

1. 2. 1a) Electrical Circuit Diagran~s

The se dirawing s shall s cheniat ically outline
1) electrical inain power

2) monito ring signals and the inte rlock sys temns

1. 2. 2 1b) Electrical Block Diagrami

The complete electrical control syste'ms shall be shown
on a block diag ram.

2.s Outline Drawings

These d rawings shallI provide the outline dimie osions of the
machine tool and control cabinet.

INAL. IDGVMENTS

Ihe seller shall furnish t-he douwnvncts des c ribe d beMow. E xce'pt fi r
the inst ruortion n ian ua I, of which th ree copie's a re required, they
shall be fornis hed( as re rrodu rib le t Canspa rencie s '1hey shall be
i'as built 'and ref lect all Chm,'s iiadi to thn system up to thr date

of final art iptaioc e by boy('t'. lhi'v shld he fuished at the st.

tan a tn' (' (jip)1tots ('XL 'pt that re Visions reOsUlticij fron. a'i (Pt-
.(( t'stinc,, shll be fUr'ruished \Xt1hil 9) Cal'ndir (IlIys Of the

formn A 541
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. (1irclit I 'iicr 0 ,11

lO(Iivi~Itl.t (hassis aml the comphet system shall he.

shown schenlatically on these drawings. lrawinc

iiiiijt* s, pat i norniei's and sytmibols, terminal

nlulnic) Is ani nt. i r idh tifying narks shall allow sin pl,

positive cross-itl'ntiic ,tiol between the diavra ..s

.1n(I tl(' 'Vt, t al part ol sys.t lils.

,. ,._ } I .o2ic I)iag rats

A Joqic diuaram shall by proviced using Jovic syllboi.

and al plan of connection to desc ribe the function of vac ii

oiv (. ICV(, ,It a nd unit of the syst(,l. ih e logic dia gra,!

shall include a definition of logic 0 and loic " " in

terns ch the voltage. It is preferred that this be done

by means of a truth table, illustrating all possible input

colbina tins. Iho diagram need not show power

connections.

. . 4c) Voltage Charts

When required for operation, maintenance or checkout,

a list of all critical voltages or wave forms between

te rminal points shall be given.

S. 1. 4 d) Instruction Manual

All necessary instruction for installation, operation,

nmaintenancc and calibration shall be provided .

5. 3.5 c Parts Iist

This list shall identity all conponents by naue, sMe or

ratilC, nianutactluir's liodel or serial lumber and, wvere

J ppli, a51(, th ' I I ].;C or other su Ch identityitIg codeC.

()1+I rilij inlSt rtlctio to r (l" noi-stanidiard parts shall also i,

liltP 1 t.

,. ~i I t,: I I'' IX ' I1 !)i'1< I' I( 7 ,

f-ti r-_____, r)_ ____________________________m A_ __41to'mA'-41
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the ~Iter hiil I {I-fljsti Ofit' scrvioc S9! (lu11tltIK ~ ' ,~1

Iif[ 1 I 1I .tOt)jm- tool rie;r(-selltitive kii' (()IItr() sN -,1( 1

rtpr( .i l al(:tilt ) S slt)' vi-o t11 1L 5titio fl .ti2 l Ii

'1hw seller shall provide' the following, traininI4 progranjis ;mr1 t

s chodule ior wheitn these training prog rams aric ofi er-:!r. 1 he.
sclhedole shall pe(rmnit conmpletion of this training a ii in in~ o
one(- menth prior to delivery of the eqjuipmient. Manuals, draw-
ings, and other printed mate rials shall be available.

[PRORAMMINOi AND MAINTE-NAINCE INSTRIUCTION

Machine tool operations programmini_ and maintenance training
shall include the theory, ope ration, installation and maintenance
of the control system) and related miachine components, also the
operation and maintenance of NC controls, and will be directly
associated with the equipment being shipped.

form A-541
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DATA ITEILM 006

IINTELRINM MANUPAcTUP'iING; MLTHIODS N EPORT

3. 3. 4.2 TASK 3 - M FTROLOGICAL SPECIFICATION'S
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MF;TRIOLOGICAL SPE CIFIC./\TIONS

Secti)n I Meisurements on the Mr-chine

>ection 3 Visual Techniques

Sectinn Me,istirements on Parts

>t- tion I Metrology Equipment and Facilities

-,ectifn :Parts Oualification

frVrm A 541
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'it is wfII I, 11 I II 1! l& UF 15 tIF-I) 0

!I l ~l I " 1o%\ I IIiIl I 'rt [o X 1 tR ll 1s 11 01

I1 S it\ li S, All' IlL ! I i~ 1" 1 r t s lrII . ill .

~~~~~hoIo rico 2oIIer lyI 11Kw(01

IR o, to, Il on lI, it 111.~[ -(iso Il~ X I O Sl 11

)thIIJ % t y ~ n 1101 tI 't it J-11 I I !-t i ou I-, . LwI p i' ;
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f" I I - I lti \ 1 o I tI 1 , " ) ,F "
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I t ill,

I , 1 t II

11; ic.' tlrI I( tiw

I( )[J r~ r I I - & )? I I I f j . Ii-l I f )U'J ! rj Ilri 'I t i11

'1 -XtSurinoz , i 61tttils ill 1) ruc5S .

1! I(iCt-II.Ci(JiIi IIg4 wVith (ilil olid tiuils V. v fl tle poorE(St 51-

riht [nH2111 vhiuh allows !or iiuilti[1e -beani intcr1(.rocut r';
( i/(io u- ty pi c t' pcr nor I-I . [hiS ASO allowS 101r eiASv ,- A) 0
II!Ijlf' findr iiIt~i~ ti jclt(- 1 ( rolxo.t1niC cIijLi~ratjorS. A

w-ill bc oco this is no! so.- when inspecoting sres. l1Km t1wl

'w il tc irrjc ipr p iie
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ttt~ttt It- -]s ,Ilered( light. Th s pectral. density lItim!u

:1 ()jit 2I ,lil tiPIit the iSUrKl(C lR(lU"IjV , tlt~r y

i e, iw i ci1

kasil; nbsi-rved !q the nakled eye mi~d by sinfle tecnnical

iin is ire 1)iill Mulractcrl light Kn njhc r orde us and spatial

Oral: reuvtics )etween regularly spaced toot rnaiarks and

t-nc rat inachinu vibrations, superhirposing the cutting puniss.

S attn ret. Ujt due- to rother- than randoni structural ettects and

AV at l lif 'i f ra tin n a round the zcero oi-dcir (specular- I tfen-t iolln

1T' 1 tS I s e a ily ohs tirvc vi sualily.

t re!Iluly spaced wroe,\hich, tdue to eod lxiii,

tI 11IsI'i Il-y inl the n i-clnr ol 1jetwven t two(-') andI tellt (I0) ln it ro)-

"Iid'.in anld rl.USt1 vvith air-cua cusp cru(Ssectionl canlnot

~.U ri J1V (I t(1,-It I . tltingtw~ v- in, viitiii tL-anse 5

,itlt ia 'irt (IhsrV-d Vistually inl torn1, ol toi(pten

!!( 1n L .- iinn s IirkiIes.

VI. ry Ity )ii at iiat-hitif- er-ro r is ptle oig '[he spindle

XIS n tS ii 1)pu-. iAit iu()lo \with a i O ~ e, 1111ich tower
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IS 1 ) i xiv I S , , l I Ii t o et I r I i t I I' r i-

* SL t, i LI 1 ) I1V I l w)t te ils)Iy inw 1)1 , I i r prottil es r11

1-; 11 P)., i t n iec ti (1 t r1 the,1 lillht ll~~an t rit i

ld(a 1 (l I1ittr ahe sna IlO single-fi il!a11en~t orm siiu I"I r

Li (t j :i I -I I I I I r41 I Iu L, ti Iigij I tt [00 in( ai ' i.-; p-h ') Si g w

Ii I-'IJu~v C llI ~tI les.tIIyr( The diffr "aIto da 4'1 See . ct

I ii~ FUijqirS and tue shul apea oink aii( rathr antr lint,

1iI~l 1~ 1h w tt d ,,i yh sample . \ he tint ap er r morIIe,_ -.

)diniL Is 6ySIIhtoe 1 ,f t rsve beo l1er 0he difato I ron

1)di v1 (tii r ed. i ",n i upr !i(

XI. ri:! a) th n.I s recularUfaor (acs )o t lood liulity should not I

r l i(,iela ill n .r.tot be ( ind av sfptigl iaity.W n stLt

I l*dethotI mrovigh rt- det ind too lna riosm hastn

Anloi~ tl e sp1iiatul dlsribtio Thf diffraction lcah but soi

Itw LiclitL intehont dint rtheiiti~n ti e dint racteda ligh. Th

isti rtist b~oes eem ine .y el d len (ser ac tio n s. 1)e(t. n

r h r~ii as ( Ilin (ISt 0 1a abou oI e~l gL rdidil( se rt ,cted1oI-k

Vi rotttIte h11( tccurse(t a (A reinl- qviiualy houll ti .

ri*111 c lIi wil no beidiaikio ittiuaiy
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I'l li--iwst! y'litl ,i;, i 11tt Ad;.o

ti'I P 1 5 jl t L iP t L i 'L L t Iil V, t(r i

'i ~ ~ ~ L ro l<~ itP . i I - (~ I -'

t i ot~ l l s :i1 t. w ll\ il iiall Lhl l"ti~Cl

1)(l! tiL L? it twiuS I .il Cisdt i i Pi~i I n.r~i

tI trL~\ rt 1 i~trjj_ ts el 'pa t l the Ji ?.tio ('twit (),)fI~

N V .S IiN IN I) t~i _, III- CAIII Yf7( !).: I "-( ( oi fi I (I :

1,) I i ii>na ( 1 h(

Erro 1Xpth"!suhasl

L ~ ~ ~ ~ptdl olhria sufae Tisrf ulc s ri ., distifll '), 0.5(0 I i ~tL tli

(1p tilre s~wryl a1 1)10.d e~ Loc l ar dearItg tirves rn, th

(iw tht er% i relic othe dirtiLtio rfe t ofl A! ic

11tdtcimi beaco l et. teiqusms rcialyti.t or
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Itl intcrtcrmticto, t hat a.llow !o~r bmi ohW(' L dist~tli, , 1, 11* <r .:

r t, .te ril opticl resolution is liniitnil d, OlIviolIsIy. i (, 11.'

,tjjd (Ott'r inte.rtcrence nm thotis 1( I dettiled o)se rVutiol ,il'(. b s

11se1,] with vIli roscopes.

It is retc(Jtlld14 'Ied that ai. tW O -I,tTl int rfe(r ncc 01.. lsc (qw

with fifty n. g ni ication be used as sta ndba r ( quipote lt lor t,.
Invcstia!ttion ind control of surlace defects of on( (I) to tv'er'

(_)] 4a n, width and depths ()f bctwen 0. () and one (1) A4 i..

'I h(. Iicr(,-intcrferencC frintges are interpretct as is cu .. , ,.

ill inte ie roll I ry.

K.A 0nwerflUl toutl for qualitative error depth assessment, esp:cially

IM sam1ples tot)o arge for nficroscope stages, is phase contrast.

Most optical instrunents by aperature limitation will effect the

loss of sonic parts of the total spectrum of rdi lecterl light forruini

the inage. Minute discontinuities of surfaces illuminated in

this nanner can be resolved for evaluation. This simple forn. of

phase contrast can be achieved with long focal length imaging

optics.

3. 1. . It must also be pointed out, that any interferometer in a nulled

state is also a phase contrast instrunent. The zero order of the

sample beam is compensated for by that of the reference eanri.

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.

K,.1. 2., . With high speed collective optic in aging the most informative

images are obtained by cutting oft the zero order. By no means

should lasers b-, used for phase contrast because small angile

tiff roction causes ' 'resnel-type" diffraction, and interference

tends to obscure the real informnation. A white light point source

is best qualified to illumlinate phase contrast optics.
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%1 1 i > [T AU) I' (4 I I 'M I>21 A>-. 1 A I>1 I1IVs

Pe( rhills thle mol(St imlportanlt if),-, r'dtent w .1 (-11IIi

fAcility is tile al4,i xhcre Owe cipj~ll('ii tit pit ir 5'

alld hais .-. jij 11( cri dSi K 4- aiit pe ilic~(.f( t ju(,l.. I

alio r cl ti - t il tt 5 1 cF i l) 1111 1 oItl, l i t Ti, et rul ti,

-t~oli, ra.k (' I (.(,I 24! lUl't Il laC ,i~ Vi t~ rill Ai

l-A it al, thi. rv . i 1th 1 hold1, 1e thn. ' ! 1 a 11 aciite ex 1 i

n Ijj~Sjrenaot anti (juatific,_ttonj 01 pirtS. It sliiiiild j( ii p

c~lean and clear ot apparatus wvhichl is not 5eiiiii tiseic tjr tie.

particular nieasurenient in-process. The relure, W'j.
caii hi nts a nd shet.Lve(s should be pov edfor roead,, y tor_. e

The parts should h~e clean when brotighL to thle a il me i aret- !P,
sto red and handler1 in the area.

4. 1.1 INSPELCTION ARIKA ENVIRONMENKT

Since parts configuration and geometry are often) th. ( 1 uesti',[
rather than absolute part size, it is nlecessary to suppress-

dIistu rbing transients over a period which is usually ii ut-h
longer than the inspection period, without liecessi rily 4t:hsil

a lon4 tern) absolute control on the en vironent . Tlhe treai si o i

have controlled lighting, capable. of' es tablishinti areas o.,
sufficient illuniination or dark ac ss to pe rforni thme us ual imcloe il()L,

procedures. These as has been ie ntioned, inc jude visual
inspection, n-icasuretnent, re cordling data, lphotol.r1aphy, a rid
adjhustmient procedures.

4. 1. 2. AtIXILARY EQUiIPMEKNT

'I he moult; should be e~joipped~ With tiL iht cabIineOtS where, criti-al
pa is can be stored. A sta ginL' da I om part'ls toj ie soaked ito tile

the rri olI etivi ront nt shiouldib 1)4 lri )"ded ill t he vic inity o! tiet

li ot5n ritiL4 ijnst rilm4i' s. A cleanl iaim-!h" low )444 should be4 pr)i iJ

ioma (i~lalj2 and visuaLl inispi-tioi it the pa rts are to ibe

t)ia( l'd inl '1) llmi.t r-oluLy mooull. Stlint fi nt elect i,1 (ea l Ot lets for

thei 11tcask i l-c inlst iiltits should 44' rea dily aceesillt-,I( hIme the,

ti~elstre~etis ,re to 6. tiilt'.

form A-541



*Wollingford, Connecticut 06492[Division of Kollmorgen Corporation

4. lKR.A~ hl NC111-S ANI) ISoLATION 1K'lIM'

I he niost ittiportitt simnlc piece ol equipntent lor such a
:&i i it y is 't al r ct granite t a bin mou nte d on vib ration is olation air

p~td s Opt ical benche(s and othn r neas uring set- ups miay be
yii idt- (,n this tILOln. Then table itsclf niay be an integ ,ral part
0! Air Sli'l'S anld rotary tables whlich are used in the nasutrinL
ji)((css. It has been mnent ioned in the fore going that tht use, oi

tr bt ritu2 slides and rotary tabtes is an iniportant part ol

s ., oninu i nct-fe 'oitnry which can be such a powe rful tool in
n, juotli!li.tion of parrs. Of course the taule should be of

t;1-iC in ut si / {' ad capacity to ha ndle the focal len..,ths and wtei c h
po u-t s to 6c piualified. At least a section of the table should
:liI!ter than the measuring tolerance. The more mundane
stusshould not be allowed in this se ction of the table.

:i.' N[AR<Y mETPOIOGY AREA

i ll oft the product measurements require the samle degree of
ti vi rtutttenttl control An area that is suitably enclosed, clean

AiA tetope rature controlled to within a few degrees fahrenheit
will prove( completely adequate.

Tbis room) might be well equipped with an optical tunnel with
lonL4 optical bench or rail. This part of the facility would be
used to measure diffraction effects, scattering, and the like.
It zimight 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 kinoI and amount of' such equipnhent will depend greatly on
the mieasuring tasks to be undertaken. The recording equipment
and canie ras will also depend a great deal on the degree of
qualification Unde rtaken.

fo~rm A-541
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',\l'TS QI'AITPR>\,'FI(ON

orsicernfZ the forecoinf as well as the testing requirements
cAlle(! out in the nm.achine specification, it mav be derived
thit An extensive and expensive arraIy of mea;suring instruments

ire retiired to produce diamond machined parts of optical
qu,i lit\. It is not reasonable to expect that every small shop
or facility will be able to afford a complete set of measuring

instruments. Therefore, one must take into account the jobs
,t 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
rmeasurement 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 nachine, 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.

- .
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5. 1 (_2utlification On the machine tool ca.llcd out iii this specification,
establishes a configuration, accuracy, and stability which is
capable of producing parts an order of nragnitud(h, better thar n r a)
be required tor infrared optical surfaces. One might tern. 'his

capability an overkill, howeve r, it has been established in pr ac ti,

that a higher deiree of quality and production capability car, be
derived fron such an arrantngeie'nt with good economy. Thre cc-
fore, if the machine functions are rnonitored with conplmellta)ry

ineasuring equipment during the nanutacturing process, one
iiay be assured that the parts produced on the machine will bc
of the desired geometry when finished on the mrachine. 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.

5.1.i 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 saTe
time, limits can be established for servo errors in the control
system which will indicate that the machine has properly followed

the commands.

5. 1.d ~The machine may be equipped with other monitoring equipment,
such as temperature sensors, vibration sensors, 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 durih:
the cutting cycle.

5. 1. Ail this does not assure that a sufficiently snooth surface has
been produced in the cutting cycla. Therefore, certain viswrl
observations need to be made by the operator during the nmaiu-
facturing cycle. These have been discussed in sone dettail itn

section one (1) of the earlier pages of this specification. For
this purpose a laser light source, a nionochromalic light bourc(e,
possibly certain aperatures or stops, a knife-edge or grating,

or other optical devices may be attached to the machine tool for

the operator to use.
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AS~I- tats the ( p t w illtclay jlcr tl:-5d whirl b

n Ito ie t( ll tkinc with itrh rliill n

ie- optca 5V1d d hti il. I orill infrks oll ictl - is fI ; I

is retsiboired.~

II , it ile pa rot rol tgy efip lent . ll b A 1 fl

(ii,juLlIT thilnc to de-ternIinC iS liVertf 1a l -i nt 1l try which ill-

cludcs relation of the called for sot-lace( to to r rce relife

surfaces on then part. Ani absolut- t)ositioflin2 systeri: is reqi' red

for this purpose.

I 'file air Mounted g ranite table with aii.-jlia ry equipment called

tor in section tour (4) are required for lete rriininuc .- osolute-

p. r t e On e t ry. P~ro ba bly the! L reat eSI 'c %va 1l o ts 01 s tinrd I-,,

a Va iIa ble into rfecroroe tric eq nip1 oe nt, 1S' the typ f oslli

,iparatus which is used to nfanipulatu the part in tne inter-

leortrarray. One usually establishes an i,-ter~croi1r.,

onm the display System without knowlediL~e o. the parft j)051t10LI,

exetthat its surface best fits the wavel ront cStIa blisl 1) h 1 a I

interferoniete r. The refore, one part of1 tis fritro[(Loc l 1 t s

is to call for suitable positioning equipntn wxich IS *r~ii

with the called for part - '-'ot ry , and which will tssurk- I 'nk

and Orderly part positio SO that n-IeaSorliftts nay, be i

I runt the correct r: r-. ,nvs and plankes relative to thelt-~

Conversely once t;- OlSitiOui of the Surface is establishe-d ii: the

ineasurinov schemen-,, one Should be able to de'termIIine the ,batt

position of inountinlt surfaces and hioles which are intecLral with

the parts. Air b)earing tables and slides and appropriaitectatr

and scales are essential to this part of the mlelrolocy airranLcenitt

form A-541
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In.pn~1!2 crriyof Visual Interter -iiut triLc An ' ulatr Nleasur( nients

V. It r t, iI. h SIiluirn I hasu (ont rast a nd I ictsQ hiltt e rfac1- r IDtj
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.44, ~ ~ ~ ~ ~ :, I 44V , 4. 1. 'to 414444 4) thi-; report* 41't.4 j15 tilt- 1411411'.

liii IQ, (44 ) icl44114104. It "%"is4 4 lurtill 4).'t rmIlr)4 ti1'4t tklc

)p4)1,4 r'4( 41 15sIf p rovidec a v itrie ty o! briS ic ri ai 1itI

4'4ILC1(4
1

14I44 .441144.41 .I4141'i\54i1.4T) to 4144' 1440144try, S1/4' 1tfl4

r,1 I.41 :I, ) p4 4e i I I C . r4upj W4 pt arts . I or this reason a roomi

(111mu4 4 1*OU)4 o luse rQV( ] nachitw's ind, wheer. r4lcessiry

,4)4)4A)1tt. 1r)io,-'y i s7) 5p>i11ci.

414'- 1;liy rilust provi'le (it cliVjVolli:4 that will allow these

In1tchflles to perlorin at the lcved 0f tli-ir diesiitti Lp4!cilicatiorl.

li-cause till parts to be nllilutallrerl by these 11achinles will

rccuirc various t0ole ancI hvels 1I41 cqtting cycles it has been

i4ir1 thoot the uitetoral ra should mlect the niajority of these

r, juir cite ns. Parts recjuiring ('nvirorniental leves nmore (losely

41(011441.' tClanl th t b1Ji04j'cd ini the Ltc'IIIrI 'Irci Shou4,ld beP flanflU~lt

'j-:With nclchilloS hivinou illIodrly (401151rotter) 1Jloca (.1054)045

4-)it -,ill pr4v414 11401' pre(ise controls oI telI1,11.' r~t re, ll1114i4ity

4440 -1t( 440301jol.tjol1.

-4~~~~~ ~~~~~~~ I I- .-\ I~ I .(A .)I4 IAIt t 1' 7 ( erc(XI f t

I )lW 1444,lti444 Shou11ld 1e SeleeteI ( ill th4' prilo 1. pl'tit trcia to

,)I.,s U1-1 1 i44ll i (41 1 (tIi tolt rolli'dr] ('4)1 . 104t( afll4Lje1t

1, prl I4r I", f Ihe (.I1'1431ll4. s Ir ut( t ic Shal hav 4t year riI(4

) 1,4 l~ 1,4 -, 21 tt. 1, t ll j1 10 . Ili 1)115 I).1 o)L ill ill t1)14' I (4t

1, t 0- Ltr I' tiiu : .t 5.S(4Sl4.4t1 1U14 I'il I I S'

Al iT 4'~**. it

I~~~~ IXk 14. 1. 1 Il414' 4141 11 LS I I 1 1) S:i

tiI I I* (I .41 r44- .1, oi' 414441* j I '% Ill 444) '141114

144~~l j~ 11 4t 4144 sI, -4444 414 11i441 pri eyi 11 1 it I t.4
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oft th,. re.nlistur. Ro)om ,A r w 'Il [,w ,a,, q :t I 1-tt(. (jI -I- to "0

til)1(-s pi r hour. Air Shujirld lt ,nrduLt iri throm .h iare as,

dit,!tit l pro''i2din .tCOUStiCl[ iSOltiaiOn.

A etFrit ratioF unit must b' provided to initially chill the air

I" I" o ' 1. I his air sh,,Id leave the, diffusers at tA0-0:5" ,'
] I. t'Ill)er-tile ,Xcursions over a 24 hour period must

11(,}' e' ' ! V , + .

1 riml htitlls shotilcl be located in the air duct exitinia the air

w, tili ill') in ,Wit, I' llms he,il rs will be used in the final

r,_]] datil. (): lni tir tneiperat re. Dual sensors 1or bol l heat
l,,! t:( ,l Shll ,. lo ated centrally in the short walls at both

,dsl of inn rout. They should be located about five let froti,
file 1l<>m r.

i iitiv r hun ni ity control will be provided by the air conditioning

1I lit. Thr relative huIII'idity should be controlled to 50 to 55 pC r-

(tent. the ni.ixinum heat load ill the root is specified as:

2.0 watt / sq. ft.

6 peopl

1 2 horsepower

I is load may vary considerably. Yor this reason appropriate

valving for a hot gas by-pass miust be provided. In addition the

con llcti sin11 unit miust have provision for independent operation

!or us(, durinc cold weather. The humidity con:rol unit should

w, mliounted centrally on the long wall about five feet from the

WVhile it is not initially considered that the inlet air reouires anly

mi-ore than cood commIercial practice filtration, the systelli should

1w capable ot operation with 9', filtration.

,.4) St I'I 1 I;m un A I'ARY (;NTH()I. NITS

Mif.t1 it is eit, rt111l11l that the tlll[ ralic-cs 01 a i),,rt to be pro-
'+*,r - , }) ,l, e a !c h l( w hen' the It'll t I cx,.t rsio t+ , ()I ai t II' l ilt kldc

+ }j,. e x + \p " + il, IJ, he 1,1tr')H ed ,t rk, + . il+l ,,scd, , ,I -,ep,I ,tlt,

,,,f h,+s a ,. en%<l p l. III, vil't l , I (.hl (,' a redts ,1 lust be, p r ,'idi !.
I } I, , ( I,t ', w ilIl , ( ) , ) -r. 1 i I,,' I 0 w t 1. % ow rt it _ w il] h \-1

L IY 7 1 1
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I ltS I llt I l'u x sii .1wt ;(I ,jt mrI h fi ti lU

;,Miw thl-l i 1, 5 ( tlt I'. A m,5t t'1)ri il 01 I- I
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