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INTRODUCTION 

The work covered by this report is a two part effort.    The first part is 
devoted to establishing design standards for optical finishing tools, and part two is 
devoted to the manufacture of these tools and their use to make optical elements. The 
ultimate objectives are to reduce tool cost per optical element produced, and to 
reduce optical tool inventories so that less storage space is required. 

The frequency of occurrance per 100 optical elements in fire control instru- 
ments is approximately 57 lenses, 16 prisms, 9 windows, 7 mirrors and 11 other. 
Tooling used in lens manufacture was therefore selected for study and improvement. 

A review of lenses manufactured at the Frankford Arsenal optical facility 
between 1 January 1970 and 30 December 1973 showed that approximately 40,000 
lenses were made in lot sizes varying from 10 to 1600 pcs.   Most lot sizes were 
between 50 and 400 pcs (approximately 90%) and approximately 70% of the lenses had 
a finished diameter between 0. 750 and 1. 500 inches.   All efforts in this study have 
been oriented toward the largest percentages cited above. 

For clarity, the following GLOSSARY of terms is provided. 

1. Generate:   The act of forming a spherical surface on a lens blank. 

2. Generating Chuck;   Tool for holding a lens blank for generating. 

3. Pitch Block;  Block for holding lens blank in proper orientation for grinding 
and polishing operations using pitch buttons for retention. 

4. Pitch Buttons:   Pitch molded on the obverse side of lenses to hold them in 
place for finishing operations. 

5. Pitch Button Mold:   Tool for molding pitch buttons on lens blank. 

6. Blocker:   Spherical tool for precise positioning (curved radii) on pitch blocks. 

7. Spot Block:  Block with machined cavities for positioning and holding lens 
blank. 

8. Spot:   Machined cavity in spot block for retention and precise positioning 
of lens blank, 

9. Grinder:  Precision spherical lap for fine grinding lenses. 



10. Polisher;   Precision spherical lap for polishing lenses, 

11. Test Glasses:   Precise optical elements used for gaging optical work in 
progress. 

Lens blanks are cored from plate or molded, individually generated, mounted 
on pitch blocks and "gang" finished.   All lens surfaces are finished to within three 
Newton interference rings of the appropriate Test Glass.   This tight tolerance is of 
particular significance in the case of couplets whereby two lenses are bonded together. 

Test glasses, for a particular curve, are made in matching parts to within 
one Newton ring of each other. 

Using existing practices, lens tooling design (including drawings) requires 
approximately two hours per tool per curve.   Calculations are necessary to determine 
lens blank distribution on mounting blocks and pertinent dimensions of all tools. 

Except for curve generation, lens tools are manufactured using conventional 
machine shop methods.   After fabrication, the spherical surfaces of Grinders and 
Blockers require a "wearing in" process to obtain the necessary precision as indicated 
above.   A Polisher consists of pitch or wax contained by a metal shell that is formed, 
while heated to its flow temperature, by the surface to be polished. 

The operational advantages of using Spot Blocks is well known, however 
the cost of such tooling has previously been so high as to preclude their use except 
in large production quantities. 

Initial efforts were directed toward making Spot Blocks more universal, 
i. e. , capable of being used on a variety of lens radii.   Though some advantages 
developed, it became apparent that the approach was not economically feasible. 
Efforts were then directed toward computerized design and N/C manufacture of 
lens tools. 

Note:   The use of Spot Blocks causes a change 
in the lens manufacturing procedure as is shown 
on Chart II,   For the remainder of this report 
the "Spot Block Method" and the current or 
"Pitch Button Method" shall be referred to as 
Method A and Method B, respectively. 



UNIVERSAL TOOLING 

A universal spot block (Figure 1) was designed, fabricated and used under 
trial conditions.   It utilized replaceable inserts that could be made to accommodate 
convex radii between 1. 5 and 2 inches.    Two sets of inserts were made to mount lens 
blanks whose radii were 1, 688 and 1. 994 inches respectively.   Lenses were made 
following Method A procedures delineated on Chart 11.   The quality of the lenses 
produced was good in all respects. 

A comparison of this method with the conventional Method B showed that 
the grinding and polishing times of the two methods was the same.   Method A indicated 
advantages in the set up and curve generating times, and the elimination of tools such 
as:   Blockers, Pitch Button Molds and Generating Chucks.   However, major difficul- 
ties arose.   Spot Blocks made with removable inserts have a fixed number of spots 
dictated by the lens outside diameter and the shortest radius that can be accommodated 
by that block.   This results in a less than optimum use of the surface area developed 
by blanks with the same O. D. and longer radii.   New inserts or new blocks must be 
made for each lens curve and diameter combination, and the result is additional 
design and fabrication times.   In addition, the inventory and storage problems are 
increased.   The benefits of lens fabrication using Method A are offset by the above 
problems, and the unit tool cost is increased rather than decreased.   In order to 
take advantage of the benefits of Method A over Method B found in lens fabrication, 
another approach to reducing optical tool costs had to be found.   It was determined 
that this reduction could be achieved with computerized tool design and N/C manu- 
facture. 

COMPUTERIZED TOOL DESIGN 

Mathematics (Appendix A) suitable for computerizing was developed to 
calculate design parameters for Spot Blocks, Grinders and Polishers.   Application 
of the mathematics to lens drawing data, i. e. , outside diameter, center thickness, 
and curve radii with a sign (±) convention to indicate form (convex, concave) results 
in all dimensions, including the precise distribution of spots on a block (Figures 2 
and 3), required to fabricate tools for that lens. 

A recently completed study. Project #6737062 F. A. report TR 75067 
titled 'Radial Pressure Conversion of an Optical Polishing Machine" authored by 
Martin H. Horchler, showed that lenses block mounted beyond an 80° angle to the 
axis of the block measurably extended the grinding and polishing times for that block. 
Vertical forces (weights) are used in these operations, and the resultant normal 
forces on the surfaces being worked on falls below 20% of the total force applied 
(Figure 4).   Hence, a limit of 160° included angle was accepted as a design constraint 
along with a limit of 10 inches in block diameter which is dictated by the geometry 
of most available optical fabrication equipment. 
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Figure 1.   Universal Spot Blocks, Variable Inserts 
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Figure 2.   Distribution of Spots - Convex 
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Figure 3.   Distribution of Spots - Concave 



Figure 4.   Limiting Angle Diagram 



The project was directed at developing N/C programs for a Wadell Lathe 
for turning and contour work and a Cincinnati Cini-X equipped with a programmable 
Walter universal rotary table with tilt capabilities for machining Spots.   All lens tools 
were designed to be mounted on a common adapter (Figure 5) so that a datum could be 
established for both fixturing and calculating parameters. 

The mathematics was further developed to compute position parameters for 
the above equipment such as:   angular tilt increments, angular rotational increments, 
and Cartesion coordinates for tool to work piece orientation    (Figures 6 and 7). 
In addition, lens blank dimensions are calculated to have excess material for finishing 
and sized so that standard sized end mills can be used for milling spots.   Concave 
Spot Blocks presented a problem in that the criterion of a 160° included angle of the 
spherical sector could not be strictly adhered to because of the machine geometry 
(Figure 8).   Hence, the mathematics was adjusted to find the best angle possible. 

The mathematics was programmed (Appendix B) in Fortran IV language 
for a Control Data 6500 computer utilizing a Fortran compiler.   Included in the 
program is a geometric priority selector (see Figure 12). 

After debugging, sample computer runs were made (Appendix D), and spot 
checked for accuracy.    The input consisted of lens data as described above and the 
output included the input data for identification plus all parameters necessary to 
program N/C equipment for the fabrication of Spot Blocks, Grinders and Polishers. 

TOOL MANUFACTURE AND USE 

Production time was not available on either the Wadell or the Cim-X (NC 
machine) when needed; therefore, rather than delay the project, simulated automation 
was decided on.   The reasoning was that a programmed N/C machine can follow 
explicit instructions more efficiently than an operator; therefore, if an operator can 
successfully produce a spot block by carrying out indicated moves without recourse 
to intermittent measurements, success on N/C equipment is assured. 

A Kearny and Trecker Milling Machine equipped with a Model H universal 
dividing head was selected for the milling work, and a Strasbaugh curve generator 
was selected for the contour work.   Turning was done on an engine lathe.   Since the 
geometry of the milling machine to be used in the simulation differs from that of the 
N/C equipment, it was necessary to include the proper mathematics for cutter to 
workpiece orientation in the computer program (Figures 9 and 10).    This series of 
calculations has been left in the program and the results may be seen in the computer 
outputs shown in Appendices C and D. 
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Figure 5.    Universal Adapters (Datum) 



Figure 6.    Cim-X Geometry - Convex 
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Figure 8.   Tool Clearance Geometry - Concave 
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Figure 9.    K & T Geometry - Convex 
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Figure 10.    K & T Geometry - Concave 
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Computer runs were made for selected lenses and the output Information 
was used to make optical tools.   Since both Method A and Method B use the same 
basic grinder and polisher configuration, only spot blocks were actually made.   All 
of the "spot" milling was done with two-lipped end mills.   This type of cutter permits 
a straight in feed obviating the need for boring or drilling pilot holes, and results in 
a flat bottom shouldered cavity.   After initial setup, all operations were carried out 
using manual adjustments as dictated by the computer output.   No drawings were used. 

A prototype lens production line was set up such that:   lens blanks were 
cored out of glass plate, blanks were mounted on spot blocks using a temporary 
bonding cyanoacrylate adhesive, and curves were "gang" generated on the blanks 
preparatory to the grinding and polishing operations.    The grinding and polishing 
operations were carried out on a sufficient number of blocks to confirm design 
integrity and collect data. 

Some blocks were successfully used by M. Horchler*, and will be reported 
on elsewhere. 

METHOD A VS.  METHOD B 

This cost comparison of the two methods of lens manufacture is made on the 
basis of manhours, and is subject to the following assumptions: 

1. The factors used for Method A shown on Charts I and II are derived from 
experience gained in this study; however, the set up and machine times for N/C 
equipment were extrapolated from actual set up and machine times recorded. 

2. The criteria for corresponding data used for Method B was estimating 
charts prepared by the F. A. Production Engineering Section from historical data 
recorded over a long period. 

3. An APT or UNI-APT N/C tape preparation system can be used to prepare 
N/C tapes from design parameters developed in Program STBLK Appendix B, 

4. Costs for universally used tools for both methods such as:   fixtures, adapters, 
pitch button molds, generating chucks, etc. have been omitted.   These tools are 
permanent in nature, and their costs per lens produced approaches zero as usage 
increases. 

*"High Speed Fabrication of Precision Optics" MM&T Project #6747463, by 
M. Horchler, August, 1976. 
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5. The comparison data shown on Tables 1 and 2 are complete in all essential 
details.   Minor operations common to both methods have been omitted as irrelevent. 
Hence, the hours shown for each method should be considered as estimates of the 
two methods. 

6. An achromatic couplet, as shown on Figure 11, was selected as a typical 
example for this comparison. The tool requirements shown are predicated on the 
results shown in Appendix C. 

7. Application of the factors shown on Charts I and IT, on the typical sample, 
results in Charts in and IV. 
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Lens 1 0. 887            0. 250 

0. 887            0. 046 

r / / 
Lens 2 

TOOL REQUIREMENTS 
(Lot Size 200) 

RADII BLANKS/BLK. BLOCKS GRINDERS              POLISHERS 
R1 (2. 542) 25 4 2                                   2 . 

R2 (1. 300) 6 12 4                                   6 

R3 (-1. 300) 7 12 4                                   6 
R4 (3. 350) 49 2 1                                   2 

TOTALS 30 11                                 16 

TOOL DESIGN REQUIREMENT METHOD A METHOD B 

1 ea.  rad. 4 Spot Blocks 4 Pitch Blocks 

1 ea.  rad. 4 Grinders 4 Grinders 

1 ea.  rad. 4 Polishers 4 Polishers 

TOTALS 12 12 

TOOL MANUFACTURE REOTITREM ENT 

METHOD A METHOD B 

30 Spot Blocks 30 Pitch Blocks 

11 Grinders 11 Grinders 

16 Polishers 16 Polishers 

TOTALS 57 57 

Figure 11.   Sample Lens Tool Requirements 
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CHART I 

TOOL DESIGN-MANUFACTURE PROCEDURE 
TIME IN MAN HOURS 

OPERATION 

a (1) Prepare 
Computer 
Input 

Ccmputer' ' 
Run 

Prepare 
tapes 

Design & 
Prepare 
Dwgs 

Turn Taper 
i the End 

Face & Bore 
for Adapter 

Assemble 
Adapter 

Turn 
& Face 

Generat 

Mill Spots 

Break In 

Form 

(2) 

(3) 

W 

Spot Block 
Set up  Unit 

1.0 

1.0 0.5 

0.5    0.5 

"METHOD A" 
SPOT BLOCKS TOOLS 

"METHOD B" 
PITCH BUTTON TOOLS 

Grinder Spot Block Polisher 
Unil    Se^  Jtolt    Se^  Unit    S^  Unit    Set^^Fnlt    SeF^Tnlt 

Includes all tools 

Includes all tools 

0.5    -       0.5 

Includes all tools 

Includes all tools 

Includes all tools 

1.0    0.33 Per Individual spot 

4.0 

1.0 1.0 

2.0 hours per each different tool   

2.0   1.5 

1.0 

1.0 

1.25 

1.25 

Includes all tools 

Includes all tools 

Includes all tools 

4.0 

1.0   1.0 

(1) The computer design time Is a minimum.  Tools for as many as ten different size lenses ^an be designed 
in the same time. 

(2) Turn face and generate are done on the same set up in Method A.  Add 0.5 hours set up time for each 
different size tool after initial set up. 

(3) Add 0.5 hours set up time for each different size tool after initial set up in Method B. 

(4) Add 0.5 hours set up time for each different size spot block after initial set up. 
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CHART III 

TOOL DESIGN-MANUFACTURE (COST) 
Couplet - 2 Lenses - 4 Radii - 57 Tools 

Time in Man Hours 

Prepare Computer input all tools 

Computer run all tools 

Prepare tapes 4 Spot Blocks 

Prepare tapes 4 Grinders 

Prepare tapes 4 Polishers 

Design & Make Dwgs 12 tools 

Turn & Thd.  End 57 tools 

Face & Bore 57 tools 

Assemble Adapter 57 tools 

Turn & Face 57 tools 

Generate 57 tools 

Mill Spots R   (25) 4 tools 

Mill Spots R   (6) 12 tools 

Mill Spots R3 (7) 17 tools 

Mill Spots R   (49) 2 tools 

Break in Grinders 11 tools 

Form Polishers R     2 tools 

Form Polishers R     6 tools 

Form Polishers R     6 tools 

Form Polishers R,   2 tools 
4 

TOTALS 24 

NOTES: 
(1) No drawing necessary in Method A 
(2) See Note 2, Chart 1 

"Method A" "Method B " 
Set up Operation Set up Operation 

1.0 - - - 

0. 5 - - - 

4.0 - - - 

2.0 - - - 

2.0 - - - 

Note 1 - 24.0 - 

- - 2.0 85. 5 

1.0 28. 5 - - 

0.5 28.5 - - 

6.5 Note 2 1.0 71.25 

Note 2 28.5 6.5 28. 5 

1.0 3.3 - - 

0.5 2.38 - - 

0.5 2. 77 - - 

0.5 3.37 - - 

- 44.0 - 44.0 

1.0 2.0 1. 0 2.0 

1.0 6.0 1. 0 6.0 

1.0 6.0 1.0 6.0 

1.0 2.0 1.0 2.0 

157. 32 37. 5 245. 25 
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CHART IV 
LENS MANUFACTURING (COST) 

Couplet (200) - 400 Lenses 
Time in Manhours 

PROCEDURE No. 

Cut Blanks 400 pcs. 

Generate R 200 pcs. 

Generate R 200 pcs. 

Generate R 200 pcs. 

Generate R 200 pcs. 

Back up R 200 pcs. 

Back up Rg 200 pcs. 

Mount 25/block R 8 blks. 

Mount 7Mock R 29 blks. 

Generate Block R 8 blks. 

Generate Block R 29 blks. 

Fine Grind Block R 8 blks. 

Fine Grind Block R 29 blks. 

Polish Block R 8 blks. 

Polish Block R 29 blks. 

Back up R 200 pcs. 

Back up R 200 pcs. 

Mount 6/block R 34 blks. 

Mount 49/block R, 4 blks, 
4 

Generate Block R 34 blks. 

Generate Block R, 4 blks. 
4 

Fine Grind Block R 34 blks. 

Fine Grind Block R A 4 blks. 
4 

Polish Block R 34 blks. 

Polish Block R t 4 blks. 

TOTALS 

" Method A " 
Set up      Operation 

" Method B" 
Set up Operation 

1.0 

.25 

.25 

1.0 

1.0 

.25 

.25 

1.0 

1.0 

10,0 

1,04 

3,2 

2,8 

6,4 

5.2 

11.6 

10,4 

23,2 

2,72 

0,8 

5,44 

2.0 

13.6 

4,0 

27,2 

8,0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1,0 

1,0 

1,0 

1.0 

10.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

4.0 

3.2 

5,2 

11, 6 

10,4 

23,2 

5,0 

5,0 

2, 72 

4,00 

6,0 137,6 13,0 

13,6 

4,0 

27,2 

8,0 

167, 12 
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RESULTS AND CONCLUSIONS 

1.     This study has provided basic mathematics and a computer design program 

IZfZT r^^ t0I ^^ manufacture using the spot block method.   It is intended 
that the tooling be made on specific N/C equipment.   Any 5-axis N/C machine can be 
used for milling, but its geometric constants must be inserted in the program    The 
same is true of a programmable lathe. 

2      Charts in and IV indicate a savings, for the sample used, of 35% in tool 
manufacture   and 18% in lens fabrication.    This conclusion presupposes a one time 
high cost of fixtunng tools that have universal application, and whose unit cost per 
lens produced approaches zero as production of lenses increases. 

3. The savings cited above will vary with lot sizes tending to increase with an 
increase in lot size and vice versa.   They will also vary from lens to lens, since 
each lens has its unique set of parameters. 

4. Spot blocks can be used only for specific lenses therefore the decision to 
store or scrap after use has to be made on a projection of future need and the cost 
of storage balanced against the cost of new tool manufacture if needed.   Tool lead 
time is not a major consideration under Method A. 

5. Grinders and polishers can (with small modifications) be used on a variety 
of lens sizes thereby reducing their unit tool cost.    The probability of future use is 
sufficiently high to justify storage. 

th. 1 H T^e^nerated as a result of the computer design program described in 

Ind tWo't^   .        0red-   ^ tepeS aVailable COUld reduce P-duction lead time and the cost of storage is relatively small. 

N/C Lp^f APTH0r lJNI"APT N/C tape PreParation ^^em can be used to prepare 
N/C tapes from design parameters developed in STBLK Appendix B. 

8.     STBLK output is programmable for an automatic drafting machine   if 
drawings are deemed necessary. ' 
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APPENDIX A 

MATHEMATICS FOR TOOL DESIGN 

I.      MATHEMATICAL NOTATION 

A.    Variables 

Rj. - = Radius of first surface. 

R^ „ -   Radius of second surface. 

T. = Axial thickness of lens. 

D =  Finished Diameter of lens. 

DM =  Minimum diameter of lens blank. 

RM =  Minimum radius of lens blank. 

DB = Actual blank diameter - End Mill Dia. 

R = Blank radius. 

RBC =  Blank radius plus clearance. 

D = Clearance hole diameter.  - End Mill Dia. 

Rc = Clearance hole radius. 

H^ = Height of first surface on blank. 

H2 ~  Height of second surface on blank. 

HC =  HeiSht of first surface from clearance hole. 

Tg = Actual blank thickness. 

TE1 =: Edge thickness with first surface generated. 

TE2 = Edge ^i01™688 with both surfaces generated. 

R
Ei 

=:  Perpendicular distance from center of spot block: 
(a) to blank seat (convex) 
(b) to top of blank (concave) 
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R^.       =  Spot block spherical radius. 

Rg.       =  Clearance radius for concave blocks. 

D =  Chord across blocked lenses. 

D
AK     =  Chord across spot block (Convex) 

or 

= Aperture of spot block (Concave) 

DAs = Chord across spot block (Concave) 

H =  Height of spot block curve. 

H =  Spot block overall height. 

IV = Distance from blank seat to spot block datum. 

H =  See Figure fi. 

R = Grinder spherical radius. 

DAGi = Chord across grinder (Convex) 

D
AGi = Aperture of grinder (Concave) 

D
Gi = Chord across grinder (Concave) 

H = Height of grinder curve, 

G =  Grinder overall height. 

Rpj =  Polisher spherical radius. 

D
Api    

= Chord across polisher (Convex) 
or 

= Aperture of polisher (Concave) 

Dpi      = Chord across polisher (Concave) 

H = Height of polisher curve. 

PHi      =  Polisher overall height. 

^ =  The angle subtended by a lens on the surface formed by Its 
spherical radius. 
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<p. =  1/2 the angle subtended by a spot block. 

0. =  Tilt angles. 

R. = Radii perpendicular to spot block axis through intersection of 
tilt angles at E, . 

a . - Angular divisions at radii R. 

N. = Whole number of angular divisions. 
] 

N = Number of spots on block. 

" =  Test angle in search routine. 

w' =  Test angle in search routine. 

X. =  See Figure 8. 

Y. =  See Figure 5. 

Z. =  See Figures 5 and 8. 
J 

NOTE: 

Subscript i refers to lens surface number, 1 or 2. 

Subscript j refers to number of tilt angle, 1, 2, 3, 

B.    Constants 

A DL     =  Factor to set minimum blank size (1. 05) 

A D (R. O.) =  Blank round off increment (0.125) 

ADB     " clearance used in calculations to prevent spots from overlapping 
(0.005) s 

ADC     = Difference between spot diameter and clearance hole diameter 
(0. 125) 

A TB      =  Excess thickness in blank (0. 010) 

25 



AR 
K 

T 

HDT 

AR 
P 

AD„ 

Li 

L2 

Figure 8 L3 

Wl 

W
2 

Figure 6 

Clearance in concave spot blocks (0. 050) 

Maximum value for <t> (80°) 

Maximum tool radius. 

Minimum for H    (0. 250) 

Difference between grinder and polisher radii (0. 200) 

Factor to determine concave tool O. D, (1.1) 

Machine spindle extension    =  6. 000 

Tool holder extension = 5. 000 

End mill extension 

Spindle radius 

Tool holder radius 

= 3.000 

= 2.875 

=  2.000 

Distance from (JJ of rotary table to pivot point 

Distance from pivot point to top of table 

Distance from pivot point to machine table top 

Distance from Rotary Table Top to Datum 

= 3.3465 

= 3. 8386 

= 4.7236 

= 3 

Figure 9 

= Distance from Div, Hd Pivot Pt. to Datum =  6. 3125 

= Distance from Div. Hd Pivot Pt. to Table =  4. 6875 

- Distance from Div. Hd Pivot Pt. to axis of Hd.   =    . 375 
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n.    MATHEMATICS 

SIGN CONVENTIONS 

Convex Lens =  (+) R 

Concave Lens =  (-) R 

Piano Lens (+) R       =  10,000 

GEOMETRIC PRIORITIES (Figure 12) 

Case 1.     Convex - Convex 

R        =  Longest Radius 

R        = Shortest Radius 

Case 2.     Convex - Concave 

RT 1    = Convex Radius 

R        = Concave Radius 

Case 3.     Concave - Concave 

RT 1    =  Longest Radius 

R        =  Shortest Radius 

Case 4.     Piano - Convex 

RL1   =  Plano 

RT 0   = Convex Radius 
XJA 

Case 5.  Piano - Concave 

R-j-1 
= Piano (No tools designed for piano surfaces.) 

R   = Concave Radius 

Note:   In all subsequent calculations, when 
an either/or occurs, go to the next 
step or to the instruction; as 
dictated by the results. 
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START ALL CASES: 

D 
M 

R 
M 

D 
B 

(A,,L»  DL 

D 
M 

D      Rounded off upwards to nearest 1/8 inch.   Blank dia. 

R 
B 

R 
BC 

B 

B B 

R 

D, 
B 

AD, 

D 

C 2 

Go to para 1, 2, 3, 4 or 5 as determined by Geometric Priorities. 

1.     Convex - Convex 

H. 

IL 

= R 
LI 

R 

\J R 
LI 

R 
B 

L2 \J R. L2 
R 

B 

B 

El 

Goto 2A 

TA    + AT   = Blank Thk. 
A B 

^  TB   "  Hl 

2.     Convex - Concave 

H, 

IL 

El 

= R,,   -  \j R LI LI 
R 

B 

R.. L2 ■M 
.,2 2 
RL2     -RB 

T^,        =  T.    +  H     + AT   =Blankthk. 
U A Z Jt> 

= TB   "   Hl 
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2A.     First Curve Convex 

LI "N 
^2 2 
RL1     -RC 

AT. 
RE1      =RL1 

R 
Kl 

\|(«„ . la)". ■, 
Second Curve Convex  Go to 6 

Second Curve Concave set H = 0, and go to 7 

3.     Concave - Concave 

II. 

H. 

H, 

R 
LI 

R 
L2 

\ 

\ 

RT12     -    RM
2 LI M 

.,2 2 
R L2   "  RM 

TB        =  TA   +  H1   + H2   + ATB = Blank thk. 

TE1      = TB   -  0. 005 

RE1      =     RL1     +  TA   +  H2   + 
B 

R 
Kl 

RS1 

Goto 7 

N (R
El - ^) 

+ R 
B 

(RE1   " ™KJ I        iRKf   + R2B 
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4.     Piano - Convex 

Hl   -0 

H2         = E1.2   - \ ^2- ■V 
Hc        =0 

TB        =  TA   + 4TB 

Goto 6 

5.    Piano - Concave 

H, 

H. 

H. 

=   0 

R, L2 M 2 2 

B = TA   + H2   + ATB 

AT 
T =  T 

El 1B 
B 

6.     Curve 2 Convex 

T
E2      " T

A   "  Hl   "  H2 

RE1      ' EL2   "   TA   + H0 

RK2     A (\2 - ¥) + %
2 

Goto 8A 
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7.     Curve 2 - Concave 

T =  T 
E2 El 

RE2      =iRL2 A 1 C 

R 
K2 N ( 

R 
L2 

E2 ) -v 
R        Convex Go to 8A 

XJJ, 

RL1   Concave  Go t0 8B   I or II 

8A, R       Convex 

0TST   =   800 

R 
Ai RT .   Sin 80° 

Li 

0< R. .   -   5< 0    then   <t> 
Ai — 

* = Sin - 1 

=   80° 

R 
Li 

RA .       = RT .   Sin Ai Li 

H 
Li 

= R 
i,i-^ 

2 2 
RT- -    R    A- Li Ai 

RAKi    = RKi   Sin 0 

DAKi    =  2RAKi    sPot block Dia- 

H 
Ki = R, 

Ki " \| RKi     "  RAKi       Sp0t bl0Ck ht- 

H,TST = HKi   -   (RKi   "  REi)   +  HDT   +  HC 
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0    1    H'TST    -   (1 + HC)<0 

ir 

H 
D 

ir 

H 
D 

Bi 

H'TST   (Spot block fig.  5) 

and 

HDT   (Spot block fig.  5) 

=  1 + H     (Spot block fig.  5)     <- 

and 

H'   -   HKi   +   (RKi   -  RE.)    (Spot block fig.  5) 

HT^.   +  H       Spot Block Ht.        ^- Ki D 

R 
Gi 

R   .    Grinder sph.  rad. (Concave) 
.Li 

D 
AGi 

2 R   .    Grinder Aperture 

D 
Gi 

H 
Gi 

G 
Hi 

1.1DA^.   Grinder O.D. 
AGi 

R 
Gi J R Gi' "  EAGi2 

= H_.   +  1. 00    Grinder Ht. 
Gi 

R 
Pi 

R 

~ RGi   "  0' 200    sPherical radius polisher (Concave) 

APi 
R 

Pi 
Sin 0 

D =  2R Polisher Aperture 

D 
Pi 

H 
Pi 

Hi 

= 1.1 D._.    Polisher O.D. 
APi 

R 
Pi xKi -KAPi' 

= H^,.   +   1. 000    Polisher Ht. 
Pi 

2 
-1    RBC 

— ,   Round off upward to nearest 1/2 degree R 
Ei 

-   2   -   .   R.  Q. 

Goto 9 
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8B.     R   .   Concave 
Li 

I  Search Routine - CIM-X (Figure 7) 

1 0 <  REi   -   L2 < 0 Go to 6 

2 RA1  = \l  Sin 800 

3 0  -  (RA1   "   5) <0 Goto 5 

^ A       c.  -1     5 
4 <j) - Sm      -— Go to para 8B in 

R
Li 

5       « =   80° 

-1    Wl 
7       w = Cos 

RKi 

R
Si 

9 0 <   ( w -W )<0 

10 
0          0/2   +   90   + w 

2 

11 
f         0/2   +   90   +aj' 

2 

Rs 

Go to para SB m 

6      0  <  (REi   -   L3)<0 Go to 12 

a ,_  c<  -1    L2 " REi 8       CJ'=  Sin 

Go to 11 

Go to para 8B HI 

Go to para 8B m 

12 R
s <  (L2       REi ) < Rg Go to 20 

13 RS  ^  <L3   "  REi)<RS Goto15 

14 <t>   = 80° Go to para 8B m 

15 co =  70 - 6/2 

1    L     -   R 
16 w^ sin 3 

17     0 < (w - coO   < 0 Go to 19 
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18 <t> =     0/2   +   90   + co' Go to 8B HI 

19 <P =    80" Go to 8B in 

-1     W2 20      w      =    Cos  i 

RK 
L„   -  R 

21      w     =    Sin u -1       3 Ei 

Si 

22       0<   (co -a;') <  0 Go to 24 

Go to 8B m 

0/2   +   90   +o/ 
24      V     =  Go to 8B m 

9„       M      _     0/2   +   90   + to 
23 " 2 

g/2   +   90   +0.' 

II    Search Routine  K & T   (Figure 7) 

1      0 ~ (RE1   -  'L1)<0 Go to 7 

2      ^  = T 

r     -1 /RKi   I   Ll\        0 Cos      I — |+   — 
V       RK1 ) 2 

3      RAI   = RL1   Sin *T 

4 0 <  (RAi   -   5 )  < 0 Go to 6 

-1       5 
5 ^     -  Sin      —— Go to para SB HI 

Li 

6 *      =   *T Go to para 8B HI 

7 0-  (RE1   ~   L2)<0 Go to 14 

8 u     =  Sin"1    ^   "  REi 

Rsi 

Q       . ^/2 + 90 + w 
T 2 
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10     RA.    =     RT.  Sin 0^ 
Ax Li yT 

ii U ^ RA .   -   5 < 0 Ai Go to 13 

12 0 -      -in"1        5 
0111         R Go to para 8B III 

Li 

13 0 = % Go to para SB m 

14 0 < 
^Ei   -L3'

<0 Go to 29 

15 R 
s ^  (L1   - REi > < RS1 Go to 21 

16 <JO 

w 
„     -1        2 
COS          R RKi 

17 
/ 

RSi 

18 0 < ( « - w" )   < 0 Go to 20 

19 0 0/2   +   90   + w 
2 Go to para 8B m 

20 0 
j3 /2   +   90   +  co 

2 Go to para SB in 

-1 wl 21       "       =    Cos ± 

RK1 

-1 Ll   "  RFi 22        W      =      Sin 1     ' 
RSi 

23 0 <   ( w - a;7 )   < 0 Go to 25 

24 0 =   /?/2   +   90   + ^ 

L„   -  R 
25        *-*'    =  Sin  ' "     . «._-!      2 Ei 

Go to para SB in 

RSi 

26      0 <   ( w -w   )   < 0 Goto 28 
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27 0 P/2 + 90 + w 
2 Go to para SB El 

28 4> P /2   +   90   +0)' 
2 Go to para 8B III 

29 RSi ^ <L2   "   RE, > < R
SI 

Go to 37 

30 RSi 5 (L3   " EE1 ' < R
Si Go to 32 

31 (t> =   80° Go to para 8B m 

32       OJ        =   70   -    0/2 

oo       ,/      _  Q.  "I   L3       REi 
RSi 

34      0 <   ( w - a/ )   < 0 Go to 36 

„r        . _   P/2   +   90   + a/ 
^       ^ -   g  Go to Para 8B m 

36      *        =  80° Go to para 8B IH 
W 

o„      ,.,        -1        2 
.) 1 

HKi 

38 ^     = Sin"1   ^   " RE
' 

RSi 

39 0 <   ( to - w^)  < 0 

/in ^               0/2 +   90   + co 

Go to 41 

2~ " Go to para 8B m 

41       <t> 
0/2   +   90   + co/ 

Go to para 8B III 
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8Bm 

H' =       1 +H 

R 
AKi 

D 
AKi 

HKi 

HBx 

R„.  Sin* 
K.1 

AKi 

2 2 
Ki Ki AKi 

=      H.'   +  R^,.   -  R^.   +  R, 
i Ei Ki Ki 

Spot Block Aperture 

Mult. RKi by (-1) 

R 
AS R0.   Sin 0 

Si 

D 
AS 2R 

AS 

R 
Gi 

R 
Li 

RAGi =      RGi   Sin 0 

D 
AGi 

=      2R 
AGi 

H 
Gi =      R 

Gi    \ R,,.2   - RA     * 
Gi AGi 

0 <  H.'   -   H      < 0 
-     i Gi 

Hi 

G 
Hi 

R 
Pi 

R 
APi 

H.' 
i 

=     HGi      * 

-     R^.   -   0.200    -«- 
Gi 

R^.   SinO 
Pi 

D 
APi =      2R 

APi 

Spot Block Ht. 

Spot Block Sph. Rad. 

Spot Block O. D, 

Grinder Sph. Rad 

=     Grinder O. D. 

Grinder Ht. 

Grinder Ht. 

Polisher Sph, Rad. 

Polisher Dia. 
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II 
Pi R 

Pi   -\ 

0  <  IP.   -   II   .   < 0 
-       i Pi 

Hi 

Hi 

2 

H' 

H'. ■*- 
i 

Polisher Ht, 

Polisher Ht. 

-1 RBC 
Ri'n   ' =  ' Round off to nearest 1/2 degree R 

Li 

0 

Goto 9 

2  T   R.O. 

9.     Calculate 0.,   .   =  1, 2, 3, 
J     1 

(3 
0 -   — ,   where .   =  1 

2 J 

0.   < 0    Error stop 

Start loop 

- M        2    ' '   J =   0 

o < (e. -^) < o 

Tilt < 90-0 

e. + i     = e   - B 
J j 

Tilt   <       =      90   -   0   ■*- 

Tilt   <       =      90   -   6      - 

Center Lens 

No Center Lens 

■+■ End of loop 

IfRT.   convex Li Go to 10 

IfR       concave Go to 11 
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10      R   .   Convex 
Li 

R. = REi  Sin e. 

R3+l    =  REi   Sin ej+l 

Continue for all values of 6.   and go to 12 

11     RT .  Concave 
Li 

R. RT. 
Li 

H. )  Sin fl. 
i J 

Continue for all values of 0.  and go to 12 

12      Calculate no. of spot on block 

"j Q.  -1  RBC 

J 

"j       =2 Sin"    RBC 
R. 

J 

.. 360 N|       - "^r       Round off down to nearest integer 

360 ,-n    «     N a.      =   —    (R.O.) 

J 

V-        ,. i V z—   =       Sm- 
R. + 1 

3 

o^i     =  2Sin ]        i:, j+i   - - -"     g-TT 
1 

Continue for all values of R 
j 

N, - ^ N. 

Go to coord. (Convex Concave)  CIM-X 

or 

Go to (Convex Concave)  K and T 
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13a.     Calc. Coordinates  CIM-X 

Convex Block (Fig.   6) 

S.     =  H'   +C 

K.    =  S.   -  R 
i i Ei 

Concave Block (Fig.   7) 

K     - R_,.   +  H.'  +  C^ 
i Ei i 4 

Change Sign of R 
Ei 

All Blocks 

Yi = C
T   

+ C0  Sin e.   + C     Cos e.   + K.   Sin fl 
J           J          2            j          1             j          i            j 

Y = (C2   + K. )   Sin fl.   + C1   Cos 0.   + C 

Z = C    +C    Cos e.   - C.   Sin 6.   + K.  Cos e.  + n. 
J           1        2             J          1            j          i             j          Ei 

AZ = H_.   + . 030 
Ci 

13b.     Calc. Coordinates K and T 

Convex Block  (Fig.  8A) 

S      = H'   + C^ 
5 

K.    =  S   -  R^. 
i Ei 

Concave Block (Fig.  8B) 

K,    = R^.   +  H.'   +  C 
i Ei i 5 

Change sign of R      from (+) to (-) 
Ei 
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All Blocks 

X. =   K. Sin e.   + C     -  C     Cos e 
i i             J           7           7            0j 

X. =    K. Sin 0.   + C     (1-Cos e .) 
J i            j          7   v              J' 

Z. =    K. Cos (J.   + C     Sin a.   + R       + C 
J i             j           7            j          Ei          6 

AZ   -    H      +   0.030 
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APPENDIX B 

COMPUTER PROGRAM - STPBLK 

INPUT, DATA 
One Card Per Lens 

Columns (1-9), Lens Radius 

Columns (10-18), Lens Radius 

Columns (19-27), Axial Thickness 

Columns (28-36), Lens Diameter 

Column 73, Indicator for Machine Geometry 

1 - K and T Dividing Head 

2 - Cim-X N/C 

NOTE: 

(+)  Sign indicates Convex Lens 

(-)  Sign indicates Concave Lens 

Radius of 10,000 indicates Piano 

43 



UJ 

cc 

IT, 

S a 
s 

o 

♦ 

2 

a o 

V n 

CL 

< a: o o 
Q. 

44 



(S 
<I 
a 

IT 

cc 

• 
IT 



UJ 
c 
•a. 
a. 

IT 
n 

in 

N 
a 

CO 

I a 

UJ a < 
■z 

UJ 
I 

m 
, tu IVJ m . > < o 

1 • < < a; 
i ^ < 

' Q < a 
o < ...                3 

<- . M 1 (VJ       <- 

•i                *    i O- ' 
* • - r^   «\. 

M    i II 
.1 

II    ~ 
X SI     ; 

t- 1- V) ►-    < 11 II 1                        X • M i         • s 1 O       II 
< 

(VJ 
z i -(VJ — rl a e I          z 

!•«.                             oo 0> «.   ' 1 ^t ^> ^ •—I —- »— i (\j h-     s. o 
a- - a a (VJ o o u oc         >- 

■ o     ,  o      ~ ~ «M o -«v» -     —no z z e             z o Z        — H- © 
►-     (V (vj oc »-     PJ <\i cc t- < «fl ec II »-     h- »-M    •-* H5-                -r < i- «ic in (^ m 

O O (/I  (Vi < <   • < < • ► < D •     i/i i- m        CD _i © 
c     <r « a o      < < a " - c     -  »-z <y K H- _1 c lO           o cc c in ♦ iCiOC)'- 
o      » •■ o- Utft   •   • O H (VJ is in -« ^ <         *• a _ia o o *» *» • o     ►« O (VJ •   • a.    • 

** tn —i — a               z <-• -» o- - ~      z -« a o     z o o 41 e>      -»i/i »— - (VJ o     o 
II z < < a              UJ < < C K 1-        UJ < —                   *« o> z o o © ■" H- Q «h • OD         «  U. 
t- — UJ<<                   -~_J<< oim — _i—<x         «M — t/i — o o •   * z < z t- © O  V       O   1 
Q. ^^_t^^   • ^ — OJ      *- -^ • t- »-(VJ        «~UJ<^-~ — • in o >-• (Vi •  •   • (VJ >-. OO a M       X 
O • r*       ^-«^HJ—^H(VJ(VJUJ«-<"-* KaQ:-<UJX~>r-.(\J< t_ i_ 0-        0- o o >- C  -        X _JO <. * •~* z a. *. 

K        XXZO>-~       >><Z O > < z2 ~ •— 19           U _i o * v _i u. a © a H-Z 1 UJ z 
Ln   * uj < »-<   • t— t—    • <r < w • <■ ♦   xari-iOKKin • X     • >     • •    • WO—        CD   1 in o i < < _i i- <; 
n: UJ > 2 2       i/il/IUJUXX UJU<ZUt/)(/lffi UJ UJ < UJ f- 1- - — O   •<tZQZO (VI   •►- O  _J (E UJ _l 

« i-'ZZ<<— t->-zz<< — iC O Z Z        <       K K < -. > o o z _1 _l -• (VJ       o        ii — i-i 2 —  UJ 00 _l OD O X CD 
h- u.. 40         -< a a- • o (M (VJ ~.   • •. •o UJ a or (VJ -< Z-  • Z   • (VI .«.«*-' «•                   X X  X" • OZ U. D - < Q 
V u II  ii —             u ii  ii —       U   II   II X              II — c    o K KM   II   II   _) l- _l » O    • < M 
n o ►-               K          »- II II t- 1 •   K   1 h- II  1- O K O »-   II UJ— — mi/i            OJU-OPO I LT   II    II    II   O   11 
r^ CI_JUJ^ in II II_IUJ — — in _( X *» — II   II  •> in I  _i  I   _i 3 ^- M h- K       —        Q ii O _l II  1- II «                      II 

■0_l»-(\J>-             O—l'-M »- — »- n II  O UJ M (VI I/)               (VJ — K OO O O — z aa-rjz          II_I CO it ^      o o 
ZCD-—a         ztc  — <\J a z >  (vja zz z z (VJ >-• < < «• w ■_■  h   II   K O I Z I oz z uz z 
-3t-l 3Kt- f   w   w   A  Z K ►- —   — ►- ~- — < — <  K • II II   — V X              DC U. »- < ►- ►-< < CD •-■ »-" 

O t/1 1/)        m* (vj     o in in o c      — (vi     o m ui -< -< (VJ in O      _l      _l      o z >- UJ _J X CD •! CD — CO _j _i ct a a 
U. Q 1- l- U. — — U. Q l- t- z z u. - — U. O 1- 1- 1   >- — H z u. a. u. a. u. z o u. u. — (Viujotrxaauj Z U.Z O CC CD        D. 0. 

^ >-i     a □: k- < < >-•     a a •-" l-H  II   < < ►-< a a a < < a O >-•>-> QC a o     o oc >- o x < ►- < iso a     o o 
i fB 

DC ! >c r^ » e> in >o 
Q_ i i ltd l <M N ;- 1           ! •* 
(A ll      1 *   1 1 • i   ' • 1 i 

5 
a 

6    o 

;                   j 

1 i 
<J o     o 

■   t i 

u 
i            i 

i 
i 

a 

1 
i 

IT o 

! 
1 

i 

in 

; 
i Mi 

IT © IT.                         O 

i 

1 
in 

PM ■-4 <VJ (V) fO r> « <f                 in in 
^^ ;!-* •»• ** "" ^ ^^ . -<                 ^< -4 

46 



< 
a 

n 

X 
0" 
(V 

a 
ci 

UJ 
2 

o 

+ 

z 

a. 
O 

V 

r- 

cr 
a. 

5: < 
GE 
C o 
a 
a 

« 
• Q: 

M — 

O o: 
2 o 

a 
a i 
o 
n — 
o a 
2 
>-<   II 
a 
a x 

~ 2 
I < 

-I 
II CQ 

a 

(VJ   I 

>■ (V 
UJ » 
o » 

(VJ 

4 
0 

2 »-< 
a 

i 

(\j 

* 

2 

a 

AJ 

* 

(\j 

I 

• c 
UJ 
• I 

— M 
M IX 

Q 
2   II 

(V 
U. I 

a: 
_i — 
o (\J 

n UJ 

< 
»- 
_J 

II o 

« I-I 
— i 
rt 
— I 
K 
a. — 
o ro 
in w < 

i 
ii 

a 
CD 

rvj » 
ru » 
i 

o s 
►- a 

o I 
c 

pj 

K 

I 

(V, 

(V' (M 

U  — 

_J I- 
U U- 

■ X Ul 

— tr 
a a 

(/) 
II 

n 

u. o 
U.  _J 
UJ in 

(VJ a 

»- 
• a. 

UJ o 
2 in 

in I 

(VJ 00 

o a: 
z 
~- II 

I (VJ l/l 
I K 

(VJ 

« 
2 < 
_J 
cr 

(VJ 

• 
o (VJ 
o » 
• « 

(V ^ 
V 2 — < 
«■< _) 
— CE 
^ a 
x 

UJ (VJ 
C » 
X   I   « 

♦ -~ o 
M iri 

o — o 
IT u.    • 
c u. o 

it o UJ 
in   • ct  ♦ 
ir ic — 
io  
* • + >—'^4 
o     cc — 

-* O   b 
I n uS ul 

— lu 
m < « a 
in — 
»- ♦ o 

o •* 
o       «    • »- 
io II a — a 
O I   o 
•      II in 

o— II 

n — -< « II ^ „ ^ 
a x L. o 
_J (- L I •-< 
o u. UJ CD tn 
X ui a cr: ex; 

cr 
in 

2 
<I 
_J 
ec 
o 
. m 

a. 2 

(V. 

« 

tn 
• o 

y- 2 
2 >-< 

UJ >- 3 
o cr o 
2 Q. _l 
•- 2 _J 
t- — O 
2 U. 
O UJ 
O t- UJ 

►-• X 
or i- 

GD 

o 
i in 

a o 
ru _j e> 
« u • 
« c 
(VJ ♦ 
a      i 
— (VJ 
KI cr 

o a      in 
t O   ♦ K 

o oin 
O    •       -    :l 
o o i n 

o II (vi <t — 
a.      — 

« a     II ^c — 
_i u:    ii- 

<-" o     cc ►- ^ 
x x (v in u. c 

xt- UJ _J 
m a 

in — , -!. ,-' 
o oo rvj (vj tn 
O* & O* & O' CCi < •  • • •   • 
I- t-l- o o 
ID O O U UJ   II 

«• X 
<» X 
— I 
< o 

2 • < 
— _1 
no. 

< oc 
o 

• U- 

(VJ Z 
— c < •-> 

t-- 
» <J 

— UJ 

— a 
■a O 

o 

x rvj 
« 
te 

— 2 
I < 

-J 
♦  CD a 

— n ♦ 

••        <l (VJ 
^ « 
X c ♦ « 
»- IT       — 
U t^ (VJ« 
UJ o a. • 

•        (VJ 
NOUN 

— I   — (VJ 
(VJ        (VJ — 
— or — ^ 

(VI it _J U. X 
X X O U- I- 

I- Zilu b. 
I   U.        CC UJ 

Ui 

o oo o o — 
2 ZZ Z Z  iC 
w   w —    O 

_l 
U U. U. U. U- CD 
*-**•**-* *-t *-* cc 

1 
X        — 

-~ r> — (VJ 
I   (VJ — (Vj Q; 

<      — ->    •      -   • 
n o i o — 
— UJ       UJ 1- 
1   • (VI   • cc 

a;     o, 
n —    .— in 

(VJ   II   (VJ 
— —     — II 
(VJ Q — O 
— 2 (VJ 2 (VJ 
^ i-c  — l-H  ^ 
I — U. — O 
►-       U.        _l 
U. L. UJ U. CD 
\xi t~* 0C *-* CC 

(VI 
* «      — 
Z       (VJ < 
-J     « 
cr « 
CC © 

■c-^ 
♦ • 2 

(VJ < 
(VI N, _J 
«   — CC 
* (via 

o>£  ♦ 
• X 

(VJl- (VJ 
\ u. 
— UJ « 
(VJ        » 
— ♦ 

1 (V (V 
I- CC ^ 
U. O 
UJ  II  _l 

CD 
I   (VJCC 

tn o ♦ 
2 _/ 
UJ m — 
-la (VJ 
i     — 

u- 
I       u. 

UJ 
(VI— CC 
a (Vj — 

OJ 
a 
a 
o 
u 
IT 
2 
a 

2 
UJ 
I 

a     — 
CD 

a a 
o _i 
u.     — 
i: 
c 
c 
-J 
CD 

tn 
UJ 

3 
U 
_l 
< 
o 
a. 

(VJ.O 
^ o 
O _J (VJ 

o u 

U 
o 
_l 
oc 

a. 
UJ 
a 

tn 
2 
UJ 

r- 

o 
O 

0 

Ii 3 
UJ 
o 

in 
2 

O 
c 
_J 

O CC 
o 
I- I- 
a. o 

a 
»  tn 

— UJ 
X 

i—       <     ,— i 

— a t- _i UJ 
t- Ul CC DC O * I 
a • o CC Z *•* H 
o tn ►^ 

tn 
(V) 

11 
O 

II UJ 
N 

i ** II -* _j K »—< 
D (V _i .-J 

CVJZ — O •1 
iC —1 (VJ ^ u. <: r-. 

o -^ in o >C K 
_J t/) _J UJ •—< 
CD U. a (T, X O z 
CC ►-« CC y- o 1-4 

O I- 
in 

n t- 
a 

CD — 
a 
_i u. 

in ~ 
t- CD 
a a 

o c 
• _i 

— a 
i » 
II  UJ 

o 
z ►- 
3 in 
C i; 
-I 
a   • 

(VJ — 
e 

k: o  ► 
o     — UJ ►- 
^     t- • z 

tn I-H 

K       — CC 
o     ex ^: s<: a 
K LJ — 2 

n   II    II  O — 
Z 2 

O *■"' X UJ »^ UJ 
ID »- O O — I- 

Z O  —• M 
O -J t/> u. cr 
o a x >-• 3 

Q       — Z 
<       I- O 
cc      in 

t- in 
cr z 
X UJ 
O _J 
CC 
a « 

c 
ac 
U. 

i. 
z 
o — z > 
»-4 ^; i—t CD 
in — in 
CC U. < O 
UJ U. UJ 
> UJ II   o 
z a:     z 
O X < UJ 
<J U K >- 

(C UJ CC 
UJ ci a :r 
x — I tn 
>- 2 

< UJ 
in i _j 
•-< < (VI 13 

2 
O *     • < 
z     c 
-i Q UJ UJ 
3: C • X 
OK        l- 
_j cr — 
_j     ic; in 
o  11 -- —i 
u.     o 

< z 
UJ t- >-< « 
X UJ ~ »- 
f- CD U. Ul 

X >-" OC 

(V. 
(V 

I 
o 

I 
(J 

I 
u 

1 
(J 

I o 

43 
1/1 IT If IT o tn o 

O o o —( 
—» (VI (VJ (VJ 

47 



u-. 

■a 
a 

in 

in 

»p 
r- i 
X ! 
w 
w j               l 

V 
0> i 
?• hi 

< o ! rZl 
1 UJ UJ iC 
1 ; Ct Ct  (J 1 ' | UJ UJ o 

X L. _J 
1 3 lu en 

a 
lo 1   UJ t- 

CVJ t   f-O 
1* 2 Q. + • •-•in 

<c V) 
i • 2 O UJ * UJ 1- X 

_ll       K 
2 u 
K UJZtU. 
h. 

1 

1 

> o o 
OO UJ 
2 UJ _l 
ceo 
U UJ 2 

:UJ < 
»2 
H    -J "</) < 

o 
Q       1- 
UJ- 
(/I H-.U. 
3X X 

Q. 1- 
o >- — 
o -J       »~ • Z UJ (V 
•t °^ • W2~ 

o O UJ \- u 
ie r. 'C 2 2  _ 
o in •-< UJ 3 '— tn V *- • i-a x 

II • z O SUJ 
►- o ** 3 o u. u. 
a < Q « a:u. 2 
O ♦ t- ^: I-I o 

U) — < o o < OD \- 1-2 w 
t- — < UJ >-c N 

<«■ u. X c OD 3 

s, X 
O J 

n . ^ l-< II I I 
r- II o a 

II " u. 
< I < 

4 
►- UJ _ 

>- =1 H UJ X z 
UJ a LU m t- o •^ 00 ^ a X 

_i 
oc 
a. »- </) i i   t 

O <- 
z <: 
a 
o 
o 
a 
a 

IT 

I — 
o 
o 

X 

o 

a, 

OICI (/> 
o oa i- 
•     I Q 

O   II 
00     I  II 

c 
II 

a] 
►H I-   o 
x x < bull u. 
o M a: •- o>-i 

o o 

»- • 
a 

ro     «- 
r> « i 

o 
o ~ 
K        M 

O Sii 
: W ^- x 
i       K O 
! -i in 
Ofll- 
3 a 
_i v — 
o o; f^ 
H s: 

i _i 

H t- dJ J— • 
1 
2 — 

3 in ~ 
< O 

z 
II   Nl 

S •"•! 

o 
o 

x 
Ul 

^ d 
IH       OO 
< — in»- 
0 •-• •a 
_ixo:   . 
luO    j v ; *~*  • 

1 «- Ul! "-M 
KOI 

i M <.  . o 
I O I 

i u _J zi ii 
lU. 3 

OO 
II x< ; 

X U. X 

UJ •*: 

IS: 
»-4 00' (-a 
2 
O  II 
<J 

a. 
< 
ct 

m 

UJ 
2 

Z 

o 

zia ; 
so 
otn i 
-fl    ' o ct   I  I 

O I 
• •-■ 

<Vi        ii 
o:«- i 

* oit- 
• in 

a "-iK 
u-i i a. < 
ct   II 1 II 

II o 
2 

a M in a 
< is 
o ct 

IT, 
n 

K 
I 

Z 

48 



o 

IT 

s 

v 
0> 

o 

+ 

a 
c 

S 
n 

2: < 
Q: 
o 
o 
a 
a 

(M   DC 
I 

Z   I 

a n 

ui    1 
K Hi 

UJ z o 
Z H- ID 

■ Ha o- 
Q. 

az 
■ 2: — o 

UJ »- 
>-. o 
a o 

o 

Ul 

15 
UJ I 

o 

z 
O P* 

t 
<f 
ct 

a 

LJ 
I 

I/) 
Ul 
r 
«/) 

UJ 
m     OD 
1     < 

• CD!O 

I I 

oa 

•-1 II 
II 

— EC _ 
Z      0. c 

O O U JU.  X 
O <J ►-< 

s 
1% 

o IS 
o ~ 
o o u 

•ICMU. 
UJ 

o 
(0 

5; 
Ul' 
u 
Ul 
a 

♦I 
u 

o o 

II  o 

< 
I 
CL 

•-1 O ♦' 

Ol ♦ K: 

UJ:     ini 
MHO 

O 
_l 
o 

o 

u 

z 

00 

« i 

2 < 
_i 
n 

*j 

—I- 
1- a 
to v 
i- o 
a. CD 
— a 

z 
UJ > 

a to      UJ 11 
no lip 
H       z t- 
-I!        F< _J 
H      II    O^    Mi 

-12 K 
u1    o;o o 
H x>-:o o 

1 

Z 
"-•IC 
ct j- 
a 
2 OUJ 
"-• Hs z 
Ul c >-. 
»- UiK 
M Z 
a     .0 

-» 

a z 
c •- 

^ i^ wi 
u <: 
_i II 

:c « !z n: 
Q:<t       O 
o — — o < 
i-;z OJ 1-1 
ct 1-1     cc a . 

.in  «     _) 
v     c « < 

»  Ul 
»- • o X  ~ 
-»-   ■<=     z 
1-1 ^ — 'OX 
t- ■- ^: (vj • — 

u — ox 
11 u o 11 >c >-i 

ui z nu 
UJ cr ■-' < M 
_(       — X II 
O. II Q II 
z;    u:_i x 
<:Q: i-i;< x;s: 

i        ! 
1 
o 

X X X 
1 
r 

1 
2 

1 

t—i t— 1—I 

<J <J O 

z < 
z 
1—I 

in 

» 

UJ o 
_j x 
d < 
z 
< ♦ 

10 1-' 
0 01 
<-> >: 

»-H 
1 a 

1 

o ♦ 
z • • 
l-H I-.  ^ 

z 
o < 
X — 

»/) 
♦ o 

u 
— « 
Ul 
_1 — 
O <_) 
Z  it 
< u 

o 
OI-; 

Xj 
«   UJ 

o; 
1 1 
1-    1 

a 

o z 

ct + 
Ul' 
cc 00 
Jt a 
=) _i 
2 

! II 
>l; 

IOD 
ZQ. 

z </) < 
»-l ^- 

X O 
< O 

. +  » 

3: ui < 
— _j ^ 
»- O _J 
< 2 U 
O < 
_J «-  ♦ 
U 2 
*— 1—1 *-, 
v tn ^ 
o     — 
♦ * u. 

O        U. 
iO >. UJ 
r> < cr 
11 ^ 
O _l 11: 
2 U 
< O 
I/) II _J 
o     o 
a x >- 

_i 
+ _i 

— UJ; 

. U1 _l 
_J o 
o z 
2 <t < — 
— z 
2 >-• 
*-i l/> 
(/) 

I : 
* 1 

■o: 

cc 

_J o 
i-H o 

»: 
►- 
X I- 
ui i-: 
c CO; 
— Ol^ 

St 

11   H b. 
lU 
:UI 

3 3 0: 
UJ Ui 
2 2* 
x M; 

I — 

o- 
o • 
* Ul 
c Z 
a   • 
II a 

2: 

o u. 

o > 

o 
z < 
s 
CL 

O 

(\J Ul 
n cc 

UJ      z 
Z       1-1 I- 

3 M    a. -i 
UJ       UJ 0. *-< 
2       3 Z I- 
X   II   2 —       > 

—> II 
»_ UJ 

II   O 2 K K 
_1 0«-i _l 
c o a 1-1 

X >        3 K • 

oc 

o 

o 
c 

o 
o 
o 

UJ 

1 
o 

IT 

(\i 

0 in 
0; 0 
n; n 

IT 

n 

49 



s 

IT) 
n 

CD 

• 
IT. 

N 
x 

+ 

a. 
o 

it 

a 
a. 

< 
o 
o 
0: 
CL 

a 

c 

to 
z 
UJ 

UJ 

z 

<-> 

UJ 
UJ 

g 
c 

* 

• 
* 
2 

I- < 
2_J; 
UI CO 
i: a 
UJ 
_i ♦ 
0. 
3 OJ 
in 

<; 
« 

UJ —: 
2 C^ 
►H O 
I IT 
o o < • 
z o 

« 
I— o « 

a.   I 
z o « 

u o « 
I- o 

in 
2 
UJ * 
_J 

UI UJ « 
o > 
z < 
•-i o ♦ 
H Z 
2 O 
O <_) * 
u 

i 
<v 
n 

o a 

15 J 

IZ bJ 
UJ 

!2 H 

i II *- O 2 o. 
K trt "-i 

CD <     | cc c 
a. z II:Q. cc 

I _j »H        K 
O ><        II 
2 y ii 
•"• l/l        "-c 

i 
o 

UJ UJ 
ct a 
o c 
UJ UI 
o o 

tf) «n 
UJ UI 
UI UJ 
a 0! 
o IS 

oi    —I 
»-    ex i 

< i 
a: i o 

■ o 

(v| c 
_lll- 
-J a 
ui 

c 
I o 
I- 

* 
■ 
i 

J 
I   tfJ 

J I-:© - 
_»o ; > • • < 

i lei 
; —, co i 
> * l 

— II i 
lu 
u o 

i UI < 
i a a: : , ^ _,. 

x ( 
U: o • 

i ad 
i v1 

' cc 
z 

■ J- 
o; co 

J 
eo> 

o 
n 
PI 

Bl 
o 

O ui 
K SO 

<;     2 co 

III OHj II 
10 2 

•-J       O >-< 
X! UI 
Oj a 

1    , 

oj 
V- UI 

3 
i 2 

©•-■ 
O t- 

o 
IT 

O 

o 
z 
o 

o 
o      ♦ 
»- 
a       o 

i • 

•        c 
OCT> 

— O 
X'O ♦ 
k: in 
t/i   • < 
l/llOK 
(£        UI 

p-      IV »   03 
•  —       I 

O  
I- -» *: Q. 

— <t II 
u u 
u. z •-■ 
UJ O X 
a     a. 

O 
o 

-c or 

o — 
o ^ 

— o 
P) _J 
_l CD 
-J tt 
UI 

in >t 

o o 

o o 

X X 

in to 
in in 
a a 

i 

(VJ OCL 
_l • < 
_l ou 
ui o> z 
—    o 

in 
n 

— in 
^ o 
— o 
u < 
u 
UI   II 
cr 
«- < 

u 
u z 

i 

• CD 
2 < I- .-■ 
•-' I- O      IUJ 
10 Ui-  •     iZ> 
<t a>    olz 

x < ^HH 
II ~-<j   it- 

Z      12 _ 
a. II o o o LU ui II 
<     — o o ^ — 
o ►- M 
z x u u!u r 
O Q. •-< •^i HH Q. 

in 
n 

—1— ;C0 
U'U X 
u u 
UI.UI —      i  I 

DO       UtO 

tvj n o »- >-« N 
_ii_i as 

50 



< 
CL 

cc 

IP 

V 
(Vl 

a 
o 

IC- 

o 
If) 

ip 
(A; LJ 
ut UJ 
UJ a 
a a 
c UJ 
u. c 
C 

o 
o 

o 
00 

♦ 

a. 
o 

v 
n 

cc 
a 

■a 
ct 
O 
o 
a 
a 

X 

O 
o 

I    - 
o 

I O o 
io_i       ;o 

OI~J CC      !>->(- 
Z MBIO OD a 
»{<-• Q  r— 
X V O  '"» 
Ul O     It- 
Oil- ^ o: o — 

Ho jw   i^ 
,lo _i i o — 

K       UJ O OH- 
♦ : ^       (/! 

^•-N       »-( *> Q; 

iij,_i -~,io a 

t-lliJ — «   _l 
L_     o a 

a  •u-i" t- z 
Oil- UJ X      ,_J 
ii-i-io:!"-  •io 

• —'i- i- i- . 
in     — to _i " ' 
zl— imi-   ♦ z 
oi^: o a    .•-■• 
H *• O       Z: wi 
H i»- <i ii => < 
« LL —I      O 
_JiUJ      3: <  i! 
3 a  IliO O!; 

X o 

O (/) IT 
ir v.- • 
■-. a o 

V   « 

o ^ u 
O — 2. 

U. O 
U. 

—.UJ  ♦' 
fv a 
-J'       o 
-J  I  o 
UJ • 

—' o 
• _j o> 

o 

o 
o 

Li_i 

■ z> 
02 

—     IO — •- 

u. x a: u. 
Z 

OjO 

— < 
^ Z K 
^ ►-. UJ 
— in cc 
U. <I X 
u.     ~ 
UJ II       i 
a       II: 
" <   i 
u.:x X: 
MOO: 

~- 00 
Q — 
O « 
K       O 
a o o 
V K.H" 
>-i    .a 
X O; 
O O * 

2     I- 

in a: _i 
r-j 

«   _l LU 
O V 

— i- a 
^;     z . 
— . _i i 
h- ►- O > 
in _i i- . 

i : 

ii D in 
Q < < 

z a n 
Q       .1-. 
< u.;x 
a: i-io 

o     o 
■(M- C 
M X t- 
— it a 

o in « 
t~ CL 

o- *~ 
O I- — 

—. • ^ 
n o 
_i ^ _i 
-i — oc 
i±i ^ a 

• u. v 
i- u. 
_l UJ fvj 
• Ct 3; 

^11/)' 
i:      O 

O UJ — — O 
>- D U. _l < 

Z U. _l 
•- UJ UJ   ll 

O I- o: »- 
o z — — < 

o        o 
O It u. s 

**' »-t O: 

o 
o 

~ o 
X o 
^ LP 
in • 
in o 
a « 

•»       Q 
u. — s 
U. 0. o 
U.  < 
a o ♦ 

z 
I   O O 

» o 
(M<    • 
_J O O 
_j 3: o^ 
UJ o 

in x UJ 
< < n 

x 
II it «- 

a. z II 
< z> 
u a —> 
z z x 
o o o 

c 
o 

C   IT 
o in 
»- a 
or 

iO 
IT. 

ic ~- 
•» u 
^ u 
o u.. 
_J a. 
cc I 
o. —i 

_i 
X _J 

M UJ 
oo     « — 
M        3 — 
—       w Z 

o w 
O UJO < 
I- 3< 

Z       II 
<-i II 

OK       Q. 
O 2< < 

OO O 
O Z Z 

O O 

a 
o < 
I- o 

z 
oo 

— o 
a o <  • 
o o 
z o^ 
o 

o 
o 
1- 

• 
e 

^ o 
x      o 
^        IT 
in       • 
in      c 
a • 

«•     z 

—        Q 
U. ^ Z 
u. a o 
UJ < 
a o * 

2 
I  o o 

• o 
M <    • 
_1 O O 
_j z a> 
UJ o 

o o 
in n 
<VI (M 

o o 
O <2 

X X 

in in 
in in 

K- I- 
_i _i *. • 

<VJ 

_l \:   V 

I- < 
_l I- 
• UI 

CC 
< X 
o — 
z 
O  II 

U. X 
«- o 

«       Z X < 
»- < I- 
l/l Z UJ 

O UJ < < tc 
1-3 X 

Z   II    II  ~ 

O K- 0. Z   II 
O Z « D 

O O Q I-H 
O S  Z X 

o o o 

■ U. k. 
K- UJ Ul 

— -MX a 
00 • 
— I i I lO. 
mi o 

UJ UJ (\j n   • 
r> i _J _J o 

O Z 03 _l _J 00 
I- ►-• 3 UJ UJ 

(_(/). II 
z 

o o a u. u. >- 
O   O »-H   H-l   X 

o 
i<r- 

fVJ 
M 
— I 

o 

00 

o 
o 

m 
in 

UJ n 
CC J 
I _J 

UJ 
I — 

u 
z 
c 

o 
a- 

u 
CD 
X 

^;     o 

u. 
UJ 
ct 

< I      — 

a 
o 

a 

■—       • 

—      c 2 

. •</) 
o UJ o < 
i- 3 r- 

Z       II 
>-l II 

o i-     o. 
o z < < 

o o o 
o z z 

o o 

(VJ 

O UJ 
iC O 
o. • • 
m o 

z 
II o 

I u. 
o •-< 

o 
— o 
X       o 
*.        Ul 
tn • 

o in o 
c a 
K » 
a: \ 

* —      — 
— z 

— y:      3 
 c 
5t U-i— Z 
— u. a. o 
* tu < 
o o: o ♦ 
-j     z 
CC  1   o o 
a.      • o 

ro < • 
N_J O O 

_J z o- 
**       <VI UJ O 
00       3 — —   ♦ 

~>     in z x < 
O >-i <r i- 
O IP Z Ul 

O UJ < < < CC 
K r> x 

z II   II   n — 

O K < 0. Z II 
O Z O < 3 

o z o o •-• 
O C Z Z I 

o o o 

in 

c 
o 

UJ *-• 
3 X 
z o 

I- II 
z 
O X 
O UJ 

I 
o 

I IT IT o in o ip 
oc o a- o o 
n j r> n * J- 

o 

51 



o- 

o < 
a 

IT 

-v 

X X 
I  I 

o 

(VI 
■» 

a 
o 

N n 

-J 
cc 
a 

< 
a 
cs 
o 

a. 

M 
a • 
o « 

Sid 
< z 
i- < 
UJ _J 

|Z CD 
t- DC 

LLI « 
1- 
< (\J 
:_j «i 
D « 
O - 
_r o 
<i o 
o in 

o • 
, o- •: 

o     — 

a 

; z 
o 

x 2: 
UJ 5 

oi ^ 

O U- 
Z UJ 
< a ■ 

Hi < 
o 
-IUJ u. 3 

2 
11 H 

H «-z 
I o 
o o 

I h- ( 
a. a. i 

a 
1- in 
Z)    • 1 
O  II: : 

' 1 

I- X . 
Z 3 
M Q 
a x 1 
a    1 

00 
0 1- 
tna 
aJ v 

Hi 
1 Q. 
DJ — 
—iZ 
Z|w 
HlO 

'.I' 
I  ^ 1 SJ k: 

o i: 
xo 

I _l 
«   CD 

'a. 

o « • 
1 (\jie 
i   I o • 

11 ru 

11 
1 ai 
•a a. 
2 in 
o. <t 

1 o o 

u. 
UJ' 
Ct 

■ Cl 

< » 
— kl o 
^ ac z 
^ 1 1-. 
U.       CL 
u. ► a 
UJ OD O 
Q-  O 

Z   » !>- 
♦ o ^: o> 

o z -< 
O  » _1 o 
• 0.  CD K 

< o    j 
♦ o     o 

ct     - -, 
-i ~ a> ~ -^     ^ 
t_> r- (NJ ry *;     n 

»   »   •  •- o  •- 
♦ i- »- UJ >-: o- t- 

Z Z Z Z: « Z 
V M fr-j    • M l-( 
< a a:     od    ai 
^Q-a.Q.ajoa.uj 
rzzzzi-zs 

: — —1-4 H    -i2 
11       j 

UJ UJ       UJ O UJ 
O-K-^HOKZ 
i£  »-*   HH •-( »-H O 
m a o: u. ai     o: o 
r 3 x •- 3;     3 

UJ 

a 
o i— \ >- 
0 -J 
z z 
< o 

o o 
I < 1 

UJ UJ 
11 

z z 
HI  l-H 
X X 
UJ UJ 
o o 
2 2 

p 

in 
2 
Lu 

UJ 

z 
UJ 
o 

o 

u-i 
cr 
UJ 

3: 
(Vi       < 

<-<      < 
a 

o 

IC i 
0 0 »-« 
0 0 0 
0   • 
• -» UJ 

0 X 
* H * #« a — ^ 0 ^ - u. 

— U- 
u. u. 
u. u. 

(/I 
l-l 

z (\J UJ a 

♦ ^; « 
t- 

^   UJ UJ n 
I  CD ►- 
K X UJ 

III 
a  1 1 
o 
u. •-♦ 1 

X 
1/1 0- •-1       _J <     z   I • 
an     o UJ 

II:     ai- 
PJ        II 2 _1 

I/! 
UJ 
X 
V 

II    it-l 
UK 

u. •*. 
OC U- 

^ _i t- z — 
I- "-i _J o 

I- >- U:U. 

DD 'H CD 
X       < 

♦ 1- 
• 1/1 

I- OD UJ 
c a • _) o 

z 
I- II 1-1 
_J 3 
•-1 CD O 
»- CL _J 

o > 
0. c 

o 

^ O 

UJ 
ct 

■I 
UJ 

JQ 

o 
n 

I 
0 

o 5 
1 

»—I 

o i'  «• 
o     o     k:   • 
OOC      — o 
•iC'iO        U.  UJ 

O O.   •       U^.   • 
i   • O C UJ 

11: o    1 o a; a 
no 2: 

on       • n ■_■ 
— 2     < •© _i 

<r »- x o — 
n 10 _j a 11 _J 

o d _i     o u. 
s: a. K < x > fi 

K 
IS) 

- O 

>- 
UJ 
c 

o 

2 <; 
o 
0. 

u. 
w 

o 
2 

< 
u 
10 

UJ 

2 
UJ 
(J 

o 

M 
n 10 

O   ► 2 
O I- O       UJ 
• 2 CC       _l 

be M 
o^ a: o     a 

a 1-     UJ 
UJ 11 2     UJ K 

n o     -002 
2 t-       O 2 UJ 
•i -J UJ      •-< o 

O   I-   ►- I- K 
— 2 K •-<       20 
o o o o:     02 

X>- 0 0 3        O 

II 

2 a 
»-< 00 
ct 
a. o 
2 ►- 

o 
UJ o 

1 
o 

UJ _i 
3 ►- 
2 K »—* 
t- II 
2 
O UJ 
O _l 

o 
2 < 

UJ 

a! 
2 < 
z 
HI 

u-, 

* 

■ «l- 
« a 

2 o 
< m 
_IQ: 
CD »- 
CC z 

I I/) <: 
* « 

iC O < 
~ K X 
t- on a. 
in     _j 
K »   < 
a 

UJ — o s, -^ 
-I i-iej    s: 
o or    •ox 
Z O <\)   • — 
< in     ox 

II   SC M 
11 n u. 

1   II   < M 
(M       X  II 
O       0.        II 
2 a: _i 2: 
< < x 1: 

I        ,        i 

l>- 
U1 
l>- 

52 



in 

IT 

M 

a 

o 

Q. 
C 

n 

a 

< 
a. 
is o 
a a 

" 

-~ z 
(\J < u — 
Z 10 

e^< o 
ft— o 
oz 

a  II 
_i 

o 
II z < 

0. o 

n t/i 

LiJ 
(XI 

o — > 
Q. 

— X 
M 
<5   ♦ 
Z < 
in (VJ 
o o o z < 
I «- 

O I/) 

»    HI 
a 

co x 

c 
X   ♦ 

Z xlx 
Oil 
i" Z Z 
iK i—lf-i 
a U:U 

o 
z o < 

T 

o 
o 

— <t 
UJ! 
-Ji~ 
Old 

U 
«    Lt 

U-   II 
a 

o 
II _i 

o 
X >- 

Q 

to 

9 

UJ - 
_l o o ^: z u. < 
z 
in i 
* OV) 

Q 
x 

II 
II 

5 

»■« 

2 Z 
X X 

M O 

M 
'IS 
o   • 

>     • UJ 
H    'Ci Z 
^    I   (T.    • 

II t- 

QO 
> U M 

5 
> 
UJ 
o 

D 

(M UJ1 

n cc. 

t- i - 3 
UJ 
z 

SISJ     a _J ♦ 
MQ. <-• 

z    3 z H '■" 
xi II z' «- 

H    «■« 
HkJ    , 

II   O Z »- K1 HH 

O (J t    W 
xl>-     at i-1 

o 
in 

1 
QUJ 

3| 

o 
o 
_1 
oc 

c^ 

X 

I    I    1 

i 
< 
X 
a 
O 
u. z 

Q 
z- 
t—t 

a o 
II 

2 
o 

'UJ 
CD 
Z 

UJ 3 o z 
Z: 

H« 
Zt- 
OiO 
OK 

<-, 

X 
•in 
'HI      io 
ijCCO 
oin; 
0- 

O: • 

^Z 
<c 

»     o 
cc.c 
a u 
mi a 
iZ-i 

.   i-i M'^ 
«. oe :>0 
•*, O  '^n 
M UJ     * 

H ujzit- 
ZIX   •BE 
Hi- I" 
a - cc 
a; t- scia 

Zl 
UJ   , -•- LJ 

it  iv u. 
3:0. >-■ 

o x 
vD 

O 

1 0 

IT 

* 
o 
IT 

n UJ 
•i z 

*-' i • 
z. 
HHIO 

0.;       UJ ^ 

~:o z^o 
>- w|Z 

UJ:      »-;•-• 
H      Z:~ 
►-o o 
a o oiu. 

O 

I 
2 

O 
X 

o 
z 

119 o L 
Q 

1 
;x   j 

a 
Ciie _J: 
ZCC o 

Q'.-~ SI 
* n « 
o  - o 
o:t- ©. 

(~- UJ 
o ^ 
— 2 

I 

-.■tr- 
z 

ii;-' II 

UJ 
ZjK Z{ 
3 ►-< Z> o,a a 
X!3 X! 

Z Z! 

IJ 

oo 
in 

l 

I 

o 
O UJ 

53 



APPENDIX C 

COMPUTER OUTPUT - COST COMPARISON 
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INPVT DATA = 
 LENS RLANK DATA 

2.5420 1,3000 .2500 .8870 

BLANK DIAMETER = 
HI ANK THTrKNF«;c; = 

1.0000 
 .PfiOO 

CALCULATIONS FOR SPOT BLOCK NO» 1 
 SPHFRTCAI RADTLISt Cl = 2.5420^ 

SPHERICAL RADIUS OF BLOCK =   2.4390 
Rl OCK nTAMFTFR | 4.8438  
BLOCK HEIGHT =   2.2654 
DIAMFTFR OF HOLES (SPOTS) =   1.0000 
DIAMETER OF CLEARANCE HOLES « 
FFFECTTVE RADIUS =    2.?fl70  

.8750 

PHI i 
BETA 

80.00 
25.Off 

RING 
NO. 

TILT 
ANGLE 

NO.OF 
SPOTS 

POSITION 
ANGLE  

T INDEXING HEAD 
Z DELTA Z 

22.5jCiM 
47.500^ 
72.500* 

_L3_. 

NO CENTER LENS 
 25 LENS ON BLOCK NO. 

„27.6923 
40.0000 
120#0000 

J  

JL»Z256_ 
3.3849 
U^801 

9.1825 
10.8143 
_LL.7265 

.030? 

.030^ 

.036'' 

r7RINDER DATA- 
SPHEPICAL RAD.IUS =  -2.5420 
GRINDER APERTURE (CONCAVE) = 
GRINDER O.D» =   5.5074 
GRINDER HEIGHT =   3.1006 

5..J>06eL 

POLISHER DATA- 
SPHERICAI RADH)S =  -2^.6920 
POLISHER APERTURE (CONCAVE) 

 POLISHER O.D._= i.a324__._ 
POLISHER HEIGHT =   3.2245 

5.302? 

CALCULATIONS FOR SPOT BLOCK MO. 2 
 SPHERICAL -RAMU^-CSLJT.  1.300ft  

SPHERICAL RADIUS OF BLOCK =   1.3461 
BLOCK DIAMETER = 2.651A.  
BLOCK HEIGHT =   1.3624 
DIAMFTFR   OF HOJ^-LiriOTfjL 1.0000 
DIAMETER OF CLEARANCE HOLES • 
EFFECTIVE RAJILUS = IMM23. 

.8750 

PHI ■ 
RFTA 

80.OC 
50.00 

RING 
NO. 

TILT 
ANGLE 

NO.OF 
SPOTS 

POSITION 
_JiML£  

K ♦ T INDEXING HEAD 
 Z        DELTA Z 

35.000^ 72.0000 4.3000 
0.0000 0.0000 

_8.9766 
10.8246 

.0497 

.0497 
6 LENS ON BLOCK NO.  2 

GRINDER DATA- 
SPHERICAL RADIUS =  -1.300O 
GRINDER APFRTURF (CONCAVF) « ?.56fi5 
GRINDER O.D, =   2.8166 
fiRINDFR HFTRHT =    P.flTil 

POLISHER DATA- 
SPHFRTCAI  RADIUS =  -) .45(10 
POLISHER APERTURE (CONCAVE) ■ 
POI ISHER O.D. 5   3.1415 

2.8559 
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INPUT DATA =         2,5420     1.3000      .2500 
1 FMc; Rl ANJK OATA 

.8870           2 

BLANK DIAMFTER =    1.0000 
RLANK THTCKNFSS =     .2600 

CALCULATIONS FOR SPOT BLOCK NO, 1 
SPHERICAL RADIUS. Cl =   2.5420 
SPHERICAL RADIUS OF BLOCK =   2.4390 
BLOCK DIAMETER =   4.8038 
BLOCK HEIGHT =   2.2654 
DIAMETER OF HOI ES (SPOTS) =   1.0000 
DIAMETER OF CLEARANCE HOLES ■    .8750 
EFFECTIVE RADIUS =    2.2870 
PHI ■  80.00 
RFTA = ?5.ftA 

RING     TILT     NO.OF    POSITION 
NO.     ANGLF    SPOTS     ANGLE 

CIM-X N.C. EQUIPMENT 
Y         Z         DELTA Z 

1     22.5000     13      27.6923 12. .1970     5.1069      .0300 
2 47.500A      9      40.0000 
3 72.56nS      3     120.0000 

11 
9 
.7193     8.3146      .030? 
.9308    11.0199      .030fl 

NO CENTER LENS 
?5 LENS ON BLOCK NO.  1 

GRINDER DATA- 
SPHERICAL RADIUS =  -2.5420 
GRINDER APERTURE (CONCAVE) = '   5.0068 
GRINDER O.D» =   5.5074 
GRINDER HEIGHT =   3.1006 

POLISHER DATA- 
SPHERICAL RADIUS =  -2.6920 
POLISHER APERTURE (CONCAVE) »    5.3022 
POLISHER 0.0. =   5.8324 
POLISHER HEIGHT =   3.2245 

CALCULATIONS FOR SPOT BLOCK NO. 2 
SPHERICAL RADIUS, C2 =   1.3000 
SPHERICAL RADIUS OF BLOCK =   1.3461 
BLOCK DIAMETER =   2.6514 
BLOCK HEIGHT =   1.3624 
DIAMETER OF HOLES (SPOTS) =   1.0000 
DIAMETER OF CLEARANCE HOLES -    .8750 
EFFECTIVE RADIUS =    1.0829 
PHI ■  80.00 
BETA = 50.00 

RING     TILT     NO.OF    POSITION 
NO.     ANGLF    SPOTS     ANGLF 

CIM-X N.C. EQUIPMENT 
Y         Z         DELTA Z 

"1     35.0000      5      72.0000 12 .2893     5.6417      .0497 
2     90.0000      1       0.0000 

6 LENS ON BLOCK NO.  2 
8 .0701    11.3221      .0497 

GRINDER DATA- 
SPHERICAL RADIUS =  -1.3000 
GRINDER APERTURE (CONCAVE) =    2.5605 
GRINDER O.D, =   2.8166 
GRINDER HEIGHT x   2.0743 

POLISHER DATA- 
SPHERICAL RADIUS =  -1.4500 
POLISHER APERTURE (CONCAVE) ■    2.8559 
POLISHER O.D. =   3.1415 
POLISHER HEIGHT =   2.1982 
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INPUT DATA =        3.3500    -1,3000 
 LENS BLANK DATA   

BLANK DIAMETER =    1.0000 
  BLANK THLCKNESS-J?,^   .1560 

CALCULATIONS FOR SPOT BLOCK NO, 1 
SPHERICAL RADIUS* Cl =   3.3500 

.0460 ,P870 

SPHERICAL RADIUS OF BLOCK ■ 
BLOCK DIAMETER =   6.3855 
BLOCK HEIGHT =   2.9291 
DIAMETER OF HOLES (SPOTS) = 
DIAMETER OF CLEARANCE HOLES • 
EFFECTIVE RADIUS =    3.1990 
PHI «  80.00 
BETA = 18.00  _ 

3,2420 

1.0000 
.8750 

RING     TILT 
NO.     ANGLE. 

NO.OF 
SPOTS 

18 
15 
11 
5 

LOCK NO. 

POSITION 
ANGLE 

K  4 
X 

• T INDEXING 
Z 

9.7764 
11.0240 
11.9645 
12.5058 

HEAD 
DELTA Z 

  . _..  J^  i9,o96r 
2 37.no0', 

3 SS.OOO* 
4.    73.000^ 
NO CENTER J-ENS 

20.0000 
24.0000 
32.7273 
72.0000 

i 

4.7117 
3.9155 
2.7726 
1.3951 

.030* 

.03** 

.03C'' 

.03n 

49 LENS ON B 

GRINDER DATA- 
__.SPHERICAL RADIUS =  -3.3500 

GRINDER APERTURE (CONCAVE) = 
 SR. LN&EILOjD.*. J= 7,2580 

GRINDER HEIGHT =   3.7683 
POLISHER DATA- 

SPHERICAL RADIUS =  -3.500C 
 POLISHER APERTURE (CONCAVE) 

POLISHER O.D, =  -7,5830 
 POL1SHFR HEIGHT *    . 3,8922 

6.5982 

6.8937 

CALCULATIONS FOR. SPOT_BLOCK NO, 2 
SPHERICAL RADIUS* C2 =  -1.3000 

 SPHERICAL RADIUS OF BLOCK =   1,3042 
8L0CK APERTURE (CONCAVE) =   2.5688 
 BLOCK O.D.^ (CONCAVE) =    2,9370 

BLOCK HEIGHT =   2,1570 (H)> 
_  DIAMETER OF HOLES «SPOTS> =   1,0000 

DIAMETER OF CLEARANCE HOLES ■    .8750 
EFFECTIVE RADIUS 
PHI ■  80.00 
BETA m  4ft.ftW  

1.3548 

RING     TILT 
NO,,     ANGLE 

NO.OF    POSITION 
SPOTS     ANGLE 

1 33,0AftO _   6 
2 90.000^      1 

7 i FN^ nM Rl.nr-K wn. ? 

60.0000 
0.0000 

_ GRINDER DATA-     
SPHERICAL RADIUS > 

-_GRIND£R DI AM£XER_„: 
GRINDER HEIGHT = 

 POLISHER DATA-__ 
SPHERICAL RADIUS ■ 

._ POLISHER DIAMETER 

»   1.3000 
2.5605 

1.0743 

1.1500 
=   2.2651 

1,0287 

■ -      

POLISHER HEIGHT = 

T INDEXING HEAD 
Z DELTA Z 

6.3390 
0.0000 

10.3626 
11.0945 

.0375 

.0375 
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•INPUT DATA =         3.3500    -1.3000      .0460 
1 FNS Rl ANK DATA 

,P870 2 

BLANK DIAMETER =    1.0000 
BLANK THICKNESS =     .1560 

CALCULATIONS FOR SPOT BLOCK NO* 1 
SPHERICAL RADIUS. Cl =   3.3500 
SPHERICAL RADIUS OF BLOCK =   3.2420 
BLOCK DIAMETER =   6.3855 
BLOCK HEIGHT =   2.9291 
DIAMETER OF HOLES (SPOTS) =?   1.0000 
DIAMETER OF CLEARANCE HOLES «    .8750 
EFFECTIVE RADIUS =    3.1990 
PHI »  80.00 
RFTA = iB.nn 

RING     TILT     NO.OF    POSITION 
NO.     ANGLE    SPOTS     ANGLE 

CIM- 
Y 

•X N.C. EQUIPMENT 
Z         DELTA Z 

I     19.000*     18      20.0000 12, .0103 5.5152 .030? 
2 37.0000     15      24.0000 
3 SS.OOO''     11      32.7273 

11. 
11 

.9720 

.2242 
7.8173 
9.9950 

.0300 

.036$ 
4     73.0000      5      72.0000 
NO CENTER LENS 

9. .8401 11.8349 
* 

.0360 

49 LENS ON BLOCK NO.  1 

GRINDER DATA- 
SPHFRICAL RADIUS =  -3.3500 

• 

GRINDER APERTURE (CONCAVE) =    6.5982 
GRINDER O.Di =   7.2580 
GRINDER HEIGHT =   3.7683 

POLISHER DATA- 
SPHERICAL RADIUS =  -3.5000 
POLISHER APERTURE (CONCAVE) ■    6.8937 
POLISHER 0.0. =   7.5830 
POLISHER HEIGHT =   3.8922 

CALCULATIONS FOR SPOT BLOCK NO. 2 
SPHERICAL RADIUS. C2 =  -1.3000 
SPHERICAL RADIUS OF BLOCK ■   1.3042 
BLOCK APERTURE (CONCAVE) ■   2.5688 
BLOCK O.D. (CONCAVE) =    2.9370 
BLOCK HEIGHT =   2.1570 (HI) 
DIAMETER OF HOLES (SPOTS) =   1.0000 
DIAMETER OF CLEARANCE HOLES ■    .8750 
EFFECTIVE RADIUS =    1.3548 
PHI ■  80.00 
BETA = 46.00 

-■ 

RING     TILT     NO.OF    POSITION 
NO.     ANGLE    SPOTS     ANGLE 

CIM' 
Y 

-X N.C. EQUIPMENT 
Z         DELTA Z 

1     33.000*      6      60.0000 14 .2565 4.1921 .0375 
2     90.00C'<      1       0.0000 

7 LENS ON BLOCK NO.  2 
8 .0701 11.1850 .0375 

GRTNDFR DATA- 
SPHERICAL RADIUS =   1.300<> 
GRINDER DIAMFTFR =   2.5605 
GRINDER HEIGHT =   1.0743 

POLISHER DATA- 
SPHERICAL RADIUS =   1.1500 
POl TSHFR DIAMFTFR =   2.2651 
POLISHER HEIGHT 1.0287 
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APPENDIX D 

COMPUTER OUTPUT - TEST SPOT BLOCKS 
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INPUT DATA = 
 L£MS_BLANK__DAT.A.. 

2.5420 •1,2580 .2500 .R870 

BLANK DIAMETER = 
RLAMK THICKNFSS 

I.0000 

CALCULATIONS FOR SPOT BLOCK NO. 1 
 sgHEim;AI_BAQJus« cj =     ZaShZSL 

.8750 

SPHERICAL RADIUS OF BLOCK =   2.3376 
BLOCK DIAMETER =   4,6042  
BLOCK HEIGHT =   2.1817 
JIIMEIEBJ3F JIOLELS iSPOTS) 5 . _UO_000. 
DIAMETER OF CLEARANCE HOLES « 
FFFECTIVE RADIUS =    2.1834 
PHI ■  80.00 

__B£TA_= 26* Oi  
RING     TILT     NO.OF 
NO.     ANGLE    SPOTS 

POSITION 
ANGLE 

INDEXING HEAD 
Z        DELTA Z 

23.000^ 
49.000^ 
75.066? 

12 30.0000 
8 45.0000 
2     180.0000 

4.7224 
3.2949 
1.2763 

J).1236 
10.8014 
11.6836 

.036* 

.030'' 

.03^ 
NO CENTER LENS 

?? LFNS ON BLOCK NO. .1 

6RINDER DATA- 
SPHERICAL RADIUS =  -2.542« 
 GRINDER APERTURE (CONCAVE) = 

GRINDER 0.0. =   5.5074 
 GRIJlDtR^ HEIGHT =  J3.10(J6 _ 

POLISHER OATA- 
 SPHERICAL RADIUS =  -2.6925 

POLISHER APERTURE (CONCAVE) 
 POLISHER O.D. =   5.8324 

POLISHER HEIGHT =   3.2245 

5.006fl 

5.3ft22 

CALCULATIONS FOR SPOT BLOCK NO. 2 
 3PHERLCAL RADIUS» C2 _= -1,2580    

SPHERICAL RADIUS OF BLOCK =   1.3582 
 BLOCK APERTURE (CONCAVE) =  _2.6751  

BLOCK O.D. (CONCAVE) =    3.2448 
 BLOCK   HEIGHT   =  _ 2^218 J.H1)___  

DIAMETER   OF   HOLES   (SPOTS)   =        1,0066 
 DIAMETER   OF   CLEARANCE   HOLES   - ,8750 

EFFECTIVE   RADIUS   = 1.5197 
_ PULt    80.00 _ 

BETA   =   48,06 
JUNfi IJLLT NO, OF 

NO. ANGLE SPOTS 

1 34.000'> 5 
_2__     90.000? 1 

6   LENS   ON   BLOCK   NO. 

POSITION 
ANGLE 

72.0000 
.0.0000 

K ♦ T INDEXING HEAD 
Z        DELTA Z 

6.3994 
o.oooo 

10.7231 
11,2593 

.0497 

.0497 

GRINDER DATA- 
 SPHERICAL RADIUS =   1.2580 

GRINDER DIAMETER =   2.4778 
 GRINDER HEIGHT = 1,0396 „ 
POLISHER DATA- 
 SPHERICAL RADIUS = ._i.lQ86 

POLISHFR DIAMETER =   2.1823 
 POLISHER HEIGHT =   1,0379 
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INPUT DATA = 
 LENS BLANK DATA 

2.5420 1.2580 .2500 ►P870. 

BLANK DIAMETER 
m ANK THTrKNF<;<; = 

1 .0000 
.PfiftO 

CALCULATIONS FOR SPOT BLOCK NO. 1 
 SPHFPK^ BAOIUSJ Cl ^ 2.542a  

SPHERICAL RADIUS OF BLOCK =   2.4390 
 I BLOCK DIAMETER = 4*B(na~- 

BLOCK HEIGHT ■   2.2654 
OTAMFTFR nF HOI FS (SPOTS> _LtftM0  
DIAMETER OF CLEARANCE HOLES ■ 
FFFFCTTVF RADIUS = 2.2870, 

.8750 

PHI ■  80.00 
RFTA = 25.00 

RING 
-..NQ. 

TILT 
ANGLE 

NO.OF 
SPOTS 

POSITION 
,ANGL£  

INDEXING HEAD 
2 DELTA Z 

??.500n 
47.500?> 
72.506^ 

JJi 27.6923, 
9     40.0000 

_2 120.0000 

3.7256 
3.3849 

JUM01 

9..18 25 
10.8143 
11.7265 

.03(0 

.0309 

.030ft 
NO CENTER LENS 

?5 l.FNS ON BLOCK NO. 

GRINDER DATA- 
SPHERICAL RADIUS =  -2.5420 
GRINDER APERTURE (CONCAVE) JL 
GRINDER O.Di =   5.5074 
GRINDER HEIGHT =   3.1006 

5.0068 

POLISHER DATA- 
SPHERICAI RADIUS = -2^632.0  
POLISHER APERTURE (CONCAVE) ■ 
POt ISHFR P.O. = 5^B.32_4  
POLISHER HEIGHT =   3.2245 

5.302? 

CALCULATIONS FOR SPOT BLOCK NO. 2 
 SPHERICAL RADIUSt C? = L^SM, 

SPHERICAL RADIUS OF BLOCK = 
BLOCK DIAMETER = IMSIM  
BLOCK HEIGHT ■   1.3316 
OTAMFTFR OF HOI FS (SPOTS) = 

1.3089 

ItQOQJL 
DIAMETER OF CLEARANCE HOLES » 
FFFFfTTVF RAOtHS = 1^.449. 

.8750 

PHI ■  80.05 
BETA. = 52.00 

RING 
NO. 

TILT 
ANCJLE 

NO.OF 
SPCIIS_ 

POSITION 
__&M5LE  

INDEXING HEAD 
_Z DELTA 

,36.000?  
90.0001      1 

c; I FKIS ON BLOCK NO.. 

 90.0000 
0.0000 

2.  

4.2487. 
0.0000 

_9^.0064 
10.7891 

.0497 

.0497 

CRTNDFR DATA- 
SPHERICAL RADIUS =  -1.2580 
_GfilND£B^AE£KIURE_.(CONCAVED. ! 
GRINDER O.D, =   2.7256 
RRTNPFR HFTfiHT ■ 2^0 39£_  

2.4778 

POLISHER DATA- 
gPHFRTTAI     RAOIIIS   =      -1.4080 
POLISHER APERTURE (CONCAVE) 

-POI TSHER P.O. = 3.C505- - 
POLISHER HEIGHT =   2.1635 

2.773? 
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INPUT DATA =        1,9650    -2.1950      .150< 
1 FW<; Rl fiMK HATA 

) 9350 1 

BLANK DIAMETER = 
BLANK THICKNFSS = 

uoooo 
.2177 

CALCULATIONS FOR SPOT 
SPHERICAL RADIUS* 

BLOCK NO. 1 
Cl =   1.9650 

SPHERICAL RADIUS 
BLOCK DIAMETER = 

OF BLOCK =   1.8633 
3.6700 

BLOCK HEIGHT = 
DIAMETER OF HOLES 

1.7897 
(SPOTS) =   1.0000 

DIAMETER OF CLEARANCE HOLES «    .8750 
EFFECTIVE RADIUS =    1.7523 
PHI ■  80.00 
BFTA = 33.00 

RING     TILT 
NO.     ANGLE 

NO.OF   POSITION 
SPOTS     ANGLE 

K 
X 

♦ T INDEXING 
Z 

HEAD 
DELTA Z 

1     26.590* 9     40.0000 4.6607 8.9956 .0300 
2    59.500?> 
NO CENTER LENS 

5     72.0000 2.5773 10.9174 .0309 

14 LENS ON BLOCK NO,  1 

GRINDER DATA- 
SPHERICAL RADIUS =  -1.9650 
GRINDER APERTURE 
fiRTNDFR O-Di = 

(CONCAVE) =    3.8703 
4.2573 

GRINDER HEIGHT « 
POLISHER DATA- 

2.6238 

SPHERICAL RADIUS 
POLISHER APERTURE 

=  -2.1150 
; (CONCAVE) »    4.1657 

POLISHER O.D, = 
POLISHER HEIGHT = 

4.5823 
2.7477 

CALCULATIONS FOR SPOT BLOCK NO. 2 
SPHERICAL RADIUSJ 
SPHERICAL RADIUS 

C2 =  -2.1950 
OF BLOCK =   2.2377 

BLOCK APERTURE (CONCAVE) =   3,8361 
BLOCK O.D. (CONCAVE) =    4,2201 
BLOCK HEIGHT = 
DIAMETER OF HOLES 

3.0211 (HI) 
1 (SPOTS) =   1.0000 

DIAMETER OF CLEARANCE HOLES »    ,8750 
EFFECTIVE RADIUS =    2,36*4 • 
PHI .  59,00 
BETA = 27,00 

RI^G    TILT 
NO.     ANGLE 

NO.OF    POSITION 
SPOTS     ANGLE 

K 
X 

♦ T INDEXING 
Z 

HEAD 
DELTA Z 

1     44.500* 9     40.0000 6.0752 13.1752 .0647 
2     71.5000 
NO CENTER LENS 

3     120.0000 2.6722 15.0952 .0647 

12 LENS ON BLOCK NO.  2 

GRINDER DATA- 
SPHERICAL RADIUS =   2.1950 
GRINDER DIAMETER 
GRINDER HEIGHT = 

4.3233 
1.8118 

POLISHER DATA- 
SPHEPICAL RADIUS 2.0450 
POLISHER DIAMETER =   4.0279 
POl ISHFR HFTGHT =   1.6899 
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INPUT DATA =        1.9650 
I FKIS m ANK DATA 

1,0625 .1500 .Q356 

BLANK DIAMEtER =    1.0000 
Rl ANK THIPKNE^c; = .1600 

CALCULATIONS FOR   SPOT BLOCK NO. 1 
SPHFRTrAi PAniiK. ri = 1.9650 
SPHERICAL RADIUS OF BLOCK 
_BLX1CK-DIAMETER = 3..-7 7 96- 

1.9189 

BLOCK   HEIGHT   ■        1.8357 
HTAMFTFR   OF   HOI F^    (^POTS)    = 
DIAMETER   OF   CLEARANCE   HOLES   ' 
FFFFrTT\/F   RAnTIIS   g l.RIOQ 

i.ttono  
.87<56 

PHI   i 
RFTA 

80.00 
3?.nn 

RING 
NO. 

TILT 
ANGLE 

NO. OF 
SPOTS 

POSITION 
ANGLE  

INDEXING HEAD 
Z        DELTA Z 

?6.no(n _UL 36.0000 4.6741 ^IAUS. 

58.0000 
90.000^ 

73.0000 
0.0000 

2.6886 
0.0000 

10.9077 
11.4636 

.030? 

.0300 

16 LENS ON BLOCK NO.  1 

GRINDER DATA- 
SPHERTCAL RADIUS -1.9650 
GRINDER APERTURE (CONCAVE) = 
GRINDER O.D. =   4.2573 

3.8703 

GRINDER HEIGHT = 
POLISHER DATA- 

2.6238 

SPHERICAL RADIUS =*  -2.1150 
POI TSHFR APERTURE (CONCAVEl- 
POLISHER 0.0. =   4.5823 
POI TSHFR HEIGHT = a.l47.7__ 

».16S7 

CALCULATIONS FOR SPO I' BLOC, 
SPHERICAL RADIUS. C2 = 

NO, 
1.0625 

SPHFRTCAL   RADIUS   OF   SL3CK  = 1JLU£2 

BLOCK   DIAMETER   =        2.3483 
Bl OCK   HFIGHT   = L.23iP 
DIAMETER   OF   HOLES   (SPOT^)   = 
OTAMFTFR   OF   Cl FRANCE   HQLES  ' 
EFFECTIVE   RADIUS   =             .9568 

PHT  ■    Rn.nfi  

1.0000 
 tSJOSL. 

BETA   =  56.00 
_R1M5 LILT ■ 

NO. ANGLE SPOTS 
POSITION. 
ANGLE 

_♦ T INDEXING HEAD  
Z        DELTA Z 

1     38.000'> 
Mrt rFMTPB LENS 

90."0000 '4.1569 9.0750 .0647" 

4 LENS ON BLOCK NO.  2 

GRINDER DATA- 
 SEMESICAI. RADIUS. = rlj,JQ625_ 

GRIMDER APERTURE (CONCAVE) = 
 GR1ND£R-0.D,_= Z.3920  

GRINDER HEIGHT =   1.8780 
_EOLXSHER_DAIA^ 

SPHERICAL RADIUS =  -1.2125 
-POLISHFR APFRTUBE .(CONCAVE) 
POLISHER O.D. =   2.6270 
_P0L1SHER HEIGHT =_. 2.0020 

2.0927 

juaaaa 
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INPUT   DATA   = lOOOO.^OOO 1.9650 ^1500 
.LENS -aLANK__DAXA  

RLANK DIAMETER = 
BLANK THICKNFSS ■ 

1.0000 

<9350 

SIDF NO. \   IS PLANO 

CALCULATIONS FOR SPOT BLOCK NO. 2  
SPHERICAL RADIUS* C2 =   1.9650 
 SPHERICAL RADIUS OF BLOCK =   1.9863 

BLOCK DIAMETER =   3.9122 
BLOCK HFIGHT = l.Pi914 ,  
DIAMETER OF HOLES (SPOTS) =   1.0000 
DTAMFTFR OF CLEARANCE HOLES » .glSSL 
EFFECTIVE RADIUS = 
PHI ■ 80.00  

1.8100 

BETA 
RING 

= 32.00 
TILT NO.OF POSITION K ♦ T INDEXING HEAD 

NO, ANGLE SPOTS ANGLE X Z DELTA Z 

I 
2 

26.000^ 
58.050^ 

10 
5 

36.0000 
72.0000 

4.6193 
2.6563 

8.9848 
10.8560 

.0090 

.000? 
3 90.000? 1 0.0000 0.0000 11.4026 .000^ 

16 LEWS OH  BLOCK NO. 2_ 

GRINDER DATA- 
SPHERICAL RADIUS =  -1.9650 
GRINDER APERTURE (CONCAVE) =  3.8703 
GRINDER O.D. =   4,2573 
GRINDER HEIGHT =   2.6238 

POLISHER DATA- 
SPHERICAI RADIUS =  -Z.llSft 
POLISHER APERTURE (CONCAVE) 

__P QL1SHER__Q , D^ 4.5823 
4.1657 

POLISHER HEIGHT 2.7477 
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INPUT DATA =         6,<»606     3,2500      i250< 
1FNS Rl ANK nAT4 

f     1, "900 1 

BLANK DIAMETER =    1.2500 
RLANK THICKNFSS =      .?AOft 

CALCULATIONS FOR SPOT BLOCK NO, 1 
<;PHFRTrAI  RADIUS, n =    ft.nnftO 
SPHERICAL RADIUS OF BLOCK ■   5,8870 
Rl OCK OTAMFTFR =   0.7610 
BLOCK HEIGHT =   2.8450 
DTAMFTFR OF HOI FS (SPOTS) =    1.2500 
DIAMETER OF CLEARANCE HOLES «   1.1250 
FFFFCTTVF RADIUS =    5.7450 
PHI ■  56.00 
RFTA = ll.Oft 

RING     TILT     NO.OF    POSITION 
NO.     ANGLE    SPOTS     ANGLE 

K 
X 

♦ T INDEXING 
Z 

HEAD 
DELTA Z 

1     40.500*     21      17.1429 1.6405. .  12.0065_ .03$* 
2 53.5000     17      21.1765 
3 66.500'*     11      32.7273 

1.2540 
.8224 

12.2508 
12.4019 

.0301 

.0303 
4     79.500,>      4      90.0000 
NO CENTER LENS 

.3679 12.4521 .0301 

53 LENS ON BLOCK NO.  1 

GRINDER DATA-' 
SPHERICAL RADIUS =  -6.0000 
GRINDER APERTURE (CONCAVE) =    9.94P5 
GRINDER O.D. =  10.9433 
GRINDER HEIGHT =   3.6448 

POI TSHFR DATA- 
SPHERICAL RADIUS =  -6.1500 
POI ISHFR APERTURE (CONCAVE) ■   10.197? 
POLISHER O.D. =  11.2169 
POLISHER HEIGHT =   3.7110 

CALCULATIONS FOR SPOT BLOCK NO, 2 
SPHERICAL RADIUS. C2 =   3.2500 
SPHERICAL RADIUS OF BLOCK =   3,2326 
BLOCK DIAMETER =   6.3671 
Rl OCK HFIGHT =   2.9213 
DIAMETER OF HOLES (SPOTS) =   1,2500 
DIAMETER OF CLEARANCE HOLES ■   1.1250 
EFFECTIVE RADIUS =    3.0214 
PHI ■ no.no 
BETA = 24.00 

RING     TTI T     NO.OF    POSITION K ♦ T INDEXING HEAD 
NO.     ANGLE    SPOTS     ANGLE X Z DELTA Z 

1     22.000')     13      27.6923 
?     46.000?     ,0      36.0000 

4.6063 
_a.i8Q6 

9.8229 
L1A3612 

.0326 
»i)326 

3     70.000^      4      90.0000 
NO CFNTFR 1 ENS 

1.6353 12.2679 .0326 

27 LENS ON BLOCK NO.  2 

GRINDER DATA- 
SPHFRTCAI  RADIUS =  -I.PSOO 
GRINDER APERTURE (CONCAVE) =    6.4013 
GRINDER O.Di. =   7.0414 
GRINDER HEIGHT =   3.6856 

POI TSHFR DATA- 
SPHERICAL RADIUS =  -3.400? 
pnj TSHFR APFRTIIRF (CONCAVE) «    6.6967 
POLISHER O.D, =   7.3664 
POLISHER HEIGHT =   3.8096 
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INPUT   DATA   =                      6,0000             3.2500 
 LENS   Rl ANK   DATA '_  

.2500 l.^OO 

BLANK DIAMETER 
BLANK THICKNESS 

1.2500 

CALCULATIONS FOR SPOT BLOCK NO, 1 
 SPHERICAL RADIUS^ Cl = 6,0J)0flL  

SPHERICAL RADIUS OF BLOCK =   5,8870 
BLOCK DIAMETER 9,7610 
BLOCK HEIGHT =   2.8450 
DIAMETER OF HOLES (SPOTS) = 
DIAMETER OF CLEARANCE HOLES > 
EFFECTIVE RADIUS =    5.7A50 

1.2500 
1.1250 

PHI ■  56.00 
BETA = 13.0fl 

RING 
NO. 

TILT 
ANGLE 

NO.OF 
SPOTS 

POSITION 
ANGLE 

CIM-x N.C, 
Z 

EQUIPMENT 
DELTA 

A0.5000 J!X 
53.500P 
66.5flij- 

17 
_L1_ 

J7_tJA29 
21.1765 

4    79.500.'» 
NO CFNTER I ENS 

9.8040 
9.6877 
^•_3169 

9,0297 

90.0000 8.7107 

10.1741 
J1.2630 
12.2407 

.030<» 
• 03$2 
.0302 
.030^ 

53 LENS.ON BLOCK NO.  1 

GRINDER DATA- 
 SPHERICAL RADIUS =  -6.nn0» 

GRINDER APERTURE (CONCAVE) 
GRINDER O.D. =  10.9433 

9.9485 

GRINDER HEIGHT * 
POLISHER DATA- 

3.64^8 

SPHERICAL RADIUS =  -6.150') 
POLISHER APERTURE (CONCAVE) 10.1972 
POLISHER O.D, =  11.216? 
POLISHER HEIGHT =   3,7110 

CALCULATIONS FOR SPOT BLOCK NO, 2 
SPHERICAL RADIUS, C2 =   3.2500 
SPHERICAL RADIUS OF BLOCK =   3,2326 
BLOCK DIAMETER =   6.3671 
BLOCK HEIGHT =   2.9213 
DIAMETER OF HOLES (SPOTS) =   1,2500 
DIAMETER OF CLEARANCE HOLES »   1.1250 
EFFECTIVE RADIUS = 
PHI » 80.00 

3.0214 

BET/ 
RING 

1 = 24.00 
TILT NO,OF POSITION CIM-X N.C. EQUIPMENT 

NO. ANGLE SPOTS ANGLE Y Z DELTA Z 

1 
2 

22.0001 
46.000?) 

13 
10 

27.6923 
36.0000 

12.0537 
11.6834 

5.7201 
8.7575 

.0326 

.0326 
3 
NO 

TO.OOO11) 
CENTER LENS 

4 90.0000 10.1097 11.3818 .0326 

27 LENS ON BLOCK NO. 2 

GRINDER DATA- 
 SPHERICAL RADIUS =  -3.?snQ_ 

GRINDER APERTURE (CONCAVE) = 
 GRINDER O.D-. = 7.0414 

6.4013 

GRINDER HEIGHT = 
POLISHFR DATA- 

3.6856 

SPHERICAL RADIUS =  -3.400') 
-RQLISHEB.--&PEPJURE-ICONCAVE) 
POLISHER O.D. ■   7.3664 
POLISHER HEIGHT =   3,8096 

6.6967 

G8 
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